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It has been reported by the author and her collaborators! that the stimulation 
of water uptake by auxin seems to be due to the plasticization of cell wall. Some 
other investigators?) have concluded the same. And Kerr® considers that proto- 
pectin, which forms the continuous phase of the primary wall of the growing cell, 
may play a more important role in the plasticization of cell wall rather than cellu- 
lose, which constitutes a discontinuous phase. According to Ordin et al.?, who 
studied the effect of indoleacetic acid (IAA) on the incorporation of C!4-methyl- 
labeled methionine, more methyl C is incorporated in the pectic substance than in 
the cellulose fraction. Wilson and Skoog®’, using the section of tobacco pith, have 
confirmed that a marked change in the pectin substance precedes the elongation 
caused by IAA. Hence the pectic metabolism seems to be involved in the essential 
phase of growth induced by IAA. It has also been reported that, when the leaf and 
the stem of red kidney bean” are treated with 2, 4-D and the pith tissue of tobacco 
stem! with IAA, the pectin methylesterase (PME) activity of the homogenized 
tissues increases conspicuously. 

If PME is activated significantly, the tensile strength of the primary cell wall 
will be reduced due to breakdown of pectin, and the wall will be stretched by the 
turgor of the cell. If auxin should also activate polygalacturonase (PG), which 
decomposes pectic acid to be produced from pectin by PME, the plastic stretching 
and the insertion of new material would further be remarkably facilitated. 

The present paper reports some experiments designed to see the effect of auxin 
on the activities of PME and PG, in connection with effect of auxin on the water 


absorption, using the etiolated pea stem as material. 


Material and Methods 


Using commercial seeds of Alaska pea, seedlings were grown in the dark for 6 days 
at 25.5° C. The uppermost 5mm of the 3rd internode, 3.0 to 3.5 cm in length, were 


decapitated. From the upper 1 cm zone of the remaining internode two 5 mm sections 
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were made. For the sake of comparison a material of low auxin sensitivity, the 
lowest 1cm zone of the internode, cut into two 5mm pieces, was used. A host of 
such section pieces was divided into batches of about 1g fresh weight, to be used 
as the unit materials of the experiments. 

As the aerobic treatment, stem pieces were floated on the surface of IAA 
solution and air was bubbled. As the anaerobic treatment, they were sunk at the 
bottom of the solution, 0.3-0.5cm deep, intercellular air being previously removed by 
suction. The treatments lasted for 1.5 hours at 25.5° C. As the control, distilled 
water was used instead of IAA solution. 

The water absorption was estimated as the percentage increase of the fresh 
weight in the 1.5 hour period of incubation. 

Measurement of PME activity :—After weighing, the stem pieces were frozen 
and ground with dry ice. The powder obtained was suspended in 10% sodium 
chloride solution and used as the enzyme solution.’ One percent solution of pectin 
(CH30*=9.45 712) _) was used as the substrate. 

The method used being Kertesz’s methodmodified slightly,!2»' the increase 
of carboxyl group was determined by sodium hydroxide titration. The PME activity 
was expressed in «M of methoxyl split off by the enzyme solution made from 1g 
fresh weight of pea stems in 1 hour at 31+0.1°C. Fluctuations in duplicate measure- 
ments were within + 2p M. 

Measurement of PG activity :—The enzyme solution was prepared just as in the 
case of the PME assay. Pectic acid!617),18.19 used as the substrate was (CH30= 
0.59 %2) prepared by demethylating commercial pectin by pectin methylesterase 
of tomato fruits.** Tne enzyme activity was expressed as the rate of increase of 
aldose as determined by Willstatter’s method?” in « M per hour per g fresh weight 
of stem pieces. The activity was roughly the same at pH 4.0, 4.5 and 5.0, but a 
little lower at pH 6.0. Pectic acid coagulated at pH 3.5. Hence, the measurements 


were made at pH 4.5. Fluctuations in duplicate determinations were within +1.0 
bh M/hour/g. 


Results 
A) Effect of IAA on pectin methylesterase activity. 
The PME activity and the water absorption of the pea stem sections aerobically 
treated by various concentrations of [AA are presented in Fig. 1. It is clearly shown 


that the enzyme activity and the water uptake run almost in parallel with each other. 


* Distilled ethanol was added to an equivolume of 10 % solution of commercial apple pectin 
(CH 0=7.63 9). The mixture was centrifuged, washed several times and dried in vacuo. Methoxyl 
radical was determined by Jansen’s method.13) 


** Homogenate of tomato fruits was centrifuged and extracted with 10 % sodium chloride solution. 
Two percent solution of commercial pectin was treated at 40° C with this extract, adjusted to 
pH 6.0 with sodium hydroxide. After the hydrolysis was completed, the mixture was adjusted 
to ph 3.5 with hydrochloric acid, heated at 65° C. for 20 minutes and cooled. Pectic acid precipi- 
tating in the mixture was taken, dissolved in water and reprecipitated by hydrochloric acid. After 


the precipitate was rinsed with distilled alcohol until the chloric ion vanished, it was dried in air. 
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Fig. 1. Pectin methylesterase activity (——@——) and water absorption (- - x —-) 
of pea stem sections aerobically treated by various concentrations of IAA. 


By the anaerobic treatment, on the other hand, neither the water uptake nor 
the PME activity was stimulated by auxin considerably. Typical results are des- 
cribed in Table 1. It is also shown in the table that under the aerobic conditions 
naphthaleneacetic acid stimulated both the PME activity and the water absorption 
less effectively than IAA did. and phenylacetic acid stimulated neither of them. 
The effect of auxin on the lowest portion of the internode is compared with that 
on the upper portion in Table 2. Both the water absorption and the PME activity 
were not increased by auxin in this part of low auxin sensitivity. 


Table 1. 
Effect of aerobic and anaerobic treatments by indoleacetic, naphthaleneacetic (NAA) 
and phenylacetic (PAA) acids on the pectin methylesterase activity and the water ab- 
sorption of pea stem sections. 


PME activity Water absorption 
(y. M/hr/g fresh weight) (100 x Afr. wt. /fr. wt. /1.5hr) 
Aerobic Anaerobic Aerobic Anaerobic 
Water control 88 82 8.5 ete 
JAA 10 mg/1 111 89 iis) 12.7 
NAA 10 mg/1 99 — 12.4 = 


PAA 10mg/1 87 — 8.1 pee 
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Table 2. 
Effect of auxin on pectin methylesterase activity and water absorption of sections of 


the upper and the lower parts of the 3rd internode of pea stem. 


Water absorption 
(00 x Afr. wt. /fr. wt. /1.5 hr) 


PME activity 
(py. M/hr/g fresh wt.) 


Upper Lower Upper Lower 
Water control 88 62 8.5 5.5 
IAA 10mg/1 111 64 17.5 6.1 


In order to see if auxin can affect the PME activity zz vitvo, various amounts 
of IAA were added to the enzyme solution prepared from the pea stems not treated 
by auxin. In Fig. 2, the auxin concentration is expressed in #g of auxin per g 
fresh weight of tissue used for PME preparation. As seen in this figure, the PME 
activity was not changed by low concentrations of IAA, but was inhibited by high 


concentrations. 
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Fig. 2. Effect of JAA on the activity of pectin methylesterase in pea stem juice. 


B) Effect of IAA on polygalacturonase activity. 

The PG activity of the pea stem was very weak, and the assay fluctuation was 
comparatively large. However, it seemed likely that the PG activity was increased 
a little by the treatment of the tissue with 1 mg/l IAA, and was inhibited by the 
treatment with 10 mg/l the optimal concentration for the water absorption of the 
tissue in question (Table 3). 

Table 3. 


Polygalacturonase activity (y M/hr/g fresh weight) of pea stem treated with va ‘ious 
concentrations of IAA. 


IAA concentration, mg/1 
0 il 5 10 20 


eo an) 5.4 3.3 1.6 
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Discussion 


It was demonstrated that in a suitable concentration range JAA and NAA in- 
creased the PME activity of etiolated pea stem, as Bryan and Newcomb” had shown 
for the pith of tobacco. The PME activity and the water absorption of the tissue 
were changed by various treatments of the tissue, but they remained parallel to each 
other. These facts would imply that IAA plasticizes the cell wall by activating 
PME and the water absorption is accelerated by the decrease in the wall pressure. 
On the other hand, the activity of PG of the tissue was very low, and was not 
much increased by auxin. Moreover, the optimal IAA concentration for the PG 
activation differed from that for the water absorption. PG, therefore, is considered 
not to play a major part in the cell elongation. 

In vitro, PME was not activated by IAA. Hence, the zz vivo activation of PME 


by IAA must be associated with some change in the internal condition of the cell 
affected by IAA. 


Summary 


1. Measured were the activities of pectin methylesterase and polygalacturonase 
and the water uptake of etiolated pea stem which had been treated by auxin. 

2. A remarkable parallelism was observed between the pectin methylesterase 
activity and the water absorption of the tissue, in respect to a) the concentration 
effect of IAA, b) the contrast between the aerobic and the anaerobic IAA treat- 
ments, and c) the weaker effects of naphthaleneacetic acid and phenylacetic acid 
as compared with JAA. 

3. The activity of polygalacturonase was comparatively low, and the effect of 
IAA on it was not well paralleled by that on the water absorption. 

4. The results appear favourable to the theory that the cell wall would become 
elongated the plasticization by pectin methylesterase activated by IAA. 
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In 1916 R. Willstatter and E. K. Bolton for the first time identified qualitatively 
the flower pigment of a variety of Tulipa Gesneriaua L. with cyanidin glucoside 
and carotene, and later G.M. Robinson and R. Robinson (1932) with the aid of an 
improved qualitative method of their own found that anthocyanin in the tulip flower 
exists mostly in the form of pelargonidin glucoside, occasionally accompanied with 
a small amount of cyanidin glucoside. 

In 1953 M. Shibata succeeded in obtaining in crystalline state the pigment of a 
garden variety of tulip, “Queen of night”, and in 1954 that of another garden 
variety, “Eclipse”. The former was determined as rhamnoglucosidy1-delphinidin, and 
was tentatively named “ Tulipanin” (M. Shibata, 1956). 

The present study has been undertaken for the purpose of investigating the 
chemical properties of the flower pigment of “Eclipse”. The bulbs of this variety 
were imported into Japan from Holland in 1950. The fiower is blood-red and has 
a blue patch at the lower part of the perianth. Early in May, 1955, the material 
was collected at Mr. Yonebayashi’s garden at Tonami city, Toyama Prefecture. 

The process of isolation of the pigment is described in detail in the experimental 
part. The yield was 7.25 g, that is about 0.07 % of the fresh weight of the whole 
supply of perianths. The crystallized pigment was a glycoside which consisted of 
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cyanidin, glucose and rhamnose. So “ Eclipse ”-anthocyanin must be either one of 
“keracyanins” (R. Willstitter and E. H. Zollinger, 1916, K. Hayashi, 1941, K. Hayashi 
et al., 1954) or prunicyanin (R. Willstitter and E. H. Zollinger, 1916). “ Eclipse ”- 
anthocyanin closely resembles hitherto known keracyanins. It slightly differs, how- 
ever, from them described in the literature in the number of molecules of water of 
crystallization and in solubility in dilute hydrochloric acid. 

It melted undepressed on admixture with an authentic specimen of keracyanin. 
Its Rf-value was also identical with that of keracyanin. 

From these results it is concluded that “ Eclipse”’-anthocyanin is identical with 
keracyanin (3-O-rhamnoglucosidylcyanidin) Chica: 


lon 
a ae amas 
-O + C2 Ho; O 
ts 1 219 
OH 


“Eclipse ’?-anthocyanin (keracyanin) 
Co7H310j5C1.2H,O 


Fig. 1. 


Experimetal 


Isolation of “ Eclipse ”-anthocyanin as chloride. 

About 10 kg of blood-red fresh perianths of “ Eclipse ”’-fiower, exclusive of pistils 
and stamens, were immediately immersed in 71 of cold 2 % methanolic hydrochloric 
acid. After being allowed to stand for 20 hours the immersed perianths were pressed 
and filtered. Then the residual perianths were soaked in 21 of methanol for 3 hours, 
pressed and filtered. This process was repeated once more. About 11 1 of the com- 
bined dark red extracts obtained were mixed, under continuous stirring, with saturat- 
ed solution of basic lead acetate, whereby white precipitate of lead chloride 
appeared first, and then bluish green precipitate of lead compound of anthocyanin 
was formed. The precipitate was filtered by suction, washed thoroughly with water 
and then with absolute ethanol and dried in a calcium chloride-containing desiccator, 
while the dirty purple filtrate, which no longer produced any precipitate with basic 
lead acetate, was discarded. The dried lead compound of anthocyanin was about 240 g 
in weight, inclusive of a considerable amount of lead chloride. It was then pulverized 
in a mortar, converted into chloride with 5% methaolic hydrochloric acid and 
then filtered. The filtrate was concentrated to 1/2 volume 7z vacuo under 35°, chilled 
in a refrigerator and on addition of 3-5 volumes of ether precipitated anthocyanin 
chloride. After keeping in a refrigerator overnight, the supernatant liquor was 
decanted and the remaining hygroscopic amorphous anthocyanin was dissolved in a 


a79 


LB 
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minimum amout of absolute ethanol and filtered. The filtrate was added again 
with 2-3 volumes of ether and kept in a refrigerator overnight. The amorphous 
precipitate, which was no longer hygroscopic, was dissolved in a minute quantity 
of absolute ethanol and 1/2. volume of 20 % ethanolic hydrochloric acid was added 
to it. It soon became muddy, an indication that the crystallization of anthocyanin 
started. It was kept in a refrigerator for 2 days and then filtered. The yield was 
about 7.5g. Then a small amount of cold 20 % ethanolic hydrochloric acid was 
added to the mother liquor and kept in a cold place for a few days, untill a little 
more crystals of the red colouring principle were obtained, The total weight of the 
raw crystals was about 8.19 g. These crystals were dissolved in a minimum quantity 
of warm water and then filtered. An equal volume of cold 20% ethanolic hydro- 
chloric acid was added to the filtrate and the mixture was allowed to evaporate 
slowly, till the solution began to turn opaque and deposited crystals at the bottom 
of a crystallizing dish. The process was repeated again and about 7.25g of pure 
crystals were obtained. The yield of the colouring principle therefore was 0.07% 
of the fresh weight of the total perianths. 

Anthocyanin chloride. 

The “Eclipse ”-anthocyanin, as given in Fig. 2, 
crystallized in red brown needles with a fine 
metallic luster. It melted at 177-179° Cuncorr.), 
shrinking abruptly and turning black (decomp.). 
It was found to have 2 molecules of water of 
crystallization and to lose them iz vacuo (2 mm 
Hg) at 105°, while the known keracyanins which 


it closely resembles are described to contain 6, 4, 


3, or 2 1/2 molecules of water of crystallization. 

Fig. 2. The solubility of ‘‘ Eclipse ”-anthocyanin increased 

with the decreasing concentration of hydrochloric 

acid, whereas known keracyanins are reported to be readily soluble in 1% hydro- 

chloric acid and slightly soluble in either more or less than 1% hydrochloric acid. 

No depression of melting point was observed in the mixture of keracyanin 
(176°) and “Eclipse ”-anthocyanin (177°). 

Paper chromatography by the ascending one dimensional procedure was achieved 
at room temperature with acetic acid-36 % hydrochloric acid-water (3:1:8, v/ v) and 
with use of the filter paper (Téy6, No. 52, 40x40 cm). The paper chromatogram 
was shown in Fig. 3 and the Rf-values were as follows: keracyanin do=047 
“Eclipse ”-anthocyanin (E)=0.46 and the mixture of keracyanin and “Eclipse ”- 
anthocyanin (E+K)=0.46. The fact that the keracyanin from Canna generalis 
(K. Hayashi et al., 1954) and “Eclipse ”-anthocyanin gave the same Rf-value with 
the same developing solvent shows that they are the same compound. 


The distribution number of “Eclipse ”-anthocyanin, as measured after R. Will- 
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statter and E. H. Zollinger(1916), was 6.7 and 7.1, while that 
of keracyanin from Canna generalis has been reported 6.7 
(K. Hayashi et al., 1954). 

The “Eclipse ”-anthocyanin showed the absence of methoxyl 
group after Zeisel-Pregl method. 

Anal. Calcd. for C27H3,0;;Cl: C, 51. 33: H, 4.92. Found: C, 
51.08; H, 4.94. 

Water of crystallization. Calcd. for Cj7;H3,0;;Cl. 2H.0: 
H20, 5.82. Found: H2O, 5.41. 

The absorption spectrum of “Eclipse ”-anthocyanin was 
compared with that of the authentic specimen of keracyanin 
from Canna generalis with use of 5/10,000 mol of each colour- 
ing principle in 60 %ethanol containing 0.1 2 hydrochloric acid. 


"Ee lipse"-anthocyanin 

Qs 5 /10,000K01. in 60% 
EtOH (HCl-conc.10.1%) 
Kerscyenin 


y 
ee ee es (5/10, 0001 Nl tn 60% 
EtOH (fCl-cone.10.1%) 


Optical density 


Wave-length (myp.) 
Fig. 4. 


As seen from Fig. 4, the absorption curves coincide almost completely. 

On the basis of these data, it seems reasonable to assume that keracyanin from 
Canna generalis and “ Eclipse ”-anthocyanin are the same compound. 

Hydrolysis of anthocyanin chloride. 

In 6 ml warm water were dissolved 284.0 mg of pure crystals of “Eclipse ”- 
anthocyanin and the solution added with an equal volume of 36 % hydrochloric acid 
was boiled for 3 minutes. The solution, when allowed to stand for a day ina 
refrigerator, deposited a dark chocolate-brown. crystalline substance (aglycone). 
The aglycone was collected, washed with 10 % hydrochloric acid and dried over 
sodium hydroxide in a desiccator. The aglycone obtained was 144.9 mg in weight, 
the yield being 51.02 % of the anthocyanin used. 

The rose-coloured mother liquor was shaken thoroughly with iso-amyl alcohol 
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to remove the remaining aglycone. It was then shaken with ether to remove the 
small amount of iso-amyl alcohol and then neutralized with cold sodium hydroxide 
solution. The results of the qualitative determination by the orcinol and the 
phlorogrucinol tests and the diphenylamine test after Thl-Peckmann-Jolles as well as 
by the paper chromatography indicated that the sugars in the solution were glucose 
and rhamnose. 

In addition to the above mentioned tests, the mixed melting point determinations 
of the osazones of the sugars were carried out with the authentic specimens of 
rhamnosazone and glucosazone. The osazones of the sugars prepared by the usual 
method were treated with acetone : from the acetone soluble fraction crystalline yellow 
bushes (m. p. 179°) were obtained and from the acetone insoluble fraction fine yellow 
needles (m. p. 204°). On mixing the former with rhamnosazone (m.p. 180°) and 
the latter with glucosazone (m. p. 206°), no depression of melting point was observed. 

It was concluded therefore that the sugars which combine with “ Eclipse ”-antho- 
cyanidin are glucose and rhamnose. 


Aglycone (cyanidin chloride) 

The above mentioned crystals of the aglycone were recrystallized twice from 
2% ethanolic hydrochloric acid in characteristic red brown needles. They presented 
the same appearance as described in detail in the report of R. Willstétter and E. 
K. Bolton (see Fig. 5). They lost a molecule of 
water of crystallization 72 vacuo (2 mm Hg) at 
105° and showed the following characteristics: 
they were easily solubule in ethanol and metha- 
nol; insoluble in water, dilute hydrochloric acid 
and concentrated sulphuric acid, either warm or 
cold; fairly solubule in 7% sulphuric acid and 
crystallized out as the sulphate of aglycone. The 
aglycone dissolved in hydrochloric acid was 
perfectly epiphasic with iso-amyl alcohol. The 
purple ethanolic solution of aglycone on addition 


of 2 volumes of water became colourless (pseu- 
dobase formation); on addition of ferric chloride solution, turned blue and then 
dirty green; turned reddish purple with 50 % sodium acetate ; blue with 50 % sodium 
carbonate ; when 20 % lead acetate was added, formed a blue precipitate. 
Anal. Calcd. for CysH1OgC1: C, 55.81; H, 3.44 Found; C, DOL Sas 
Water of crystallization. Calcd. for Cy;H,,O,C1.H.O: H20, 5.29. Found: H20, 4.77. 
The properties and the results of the analyses coincide perfectly with those of 


cyanidin, indicating that the aglycone of “Eclipse ”-anthocyanin is none other than 
cyanidin. 
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Summary 
The anthocyanin in blood-red fiower of “Eclipse”, a garden variety of tulip 
(Tulipa Gesneriana L.) has been studied and it has been proved that it is none 
other than keracyanin (3-O-rhamnoglycosidylcyanidin 2H20O) by chemical analysis, 
absorption spectroscopy and paper chromatography. 
We are indebted to Prof. K. Hayashi (Tokyo University of Education) for the 


valuable advice and the kind supply of the authentic specimen of keracyanin. and 
to Mr. Yonebayashi for the donation of “Eclipse ”-fiower used in the experiment. 
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In one of the previous papers of this series of investigation, the author has 
confirmed the presence of canaliculated intercellular spaces in the motor tissue of 
Mimosa pudica (1). In the present report, the secretion of tannin substance into 
the canaliculated intercellular spaces were demonstrated in the fixed material. Here, 


the canaliculated spaces of the upper side and the lower side of primary pulvinus 
are chiefiy dealt with. 
Material and Method 


The primary pulvinus of Mimosa pudica was employed for material. The plants 
were raised in pots exposed to the open air in the field. Anthocyan was found to 
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be formed in the epidermal cells of the pulvinus, the petiole and the stem of these 
plants. For the observation of the motor tissue before receiving a stimulus, the 
plants were exposed to ether vapour for 15 to 20 minutes as usual, thus rendering 
the pulvinus of these plants incapable of responding to any stimuli. 

Various fixatives, such as Kaiser’s fluid, Bensley’s fluid, and Carnoy’s fluid were 
used. After soaking for two hours in Kaiser’s fiuid, the material was directly 
removed to 70 per cent alcohol with a few drops of iodine solution. The dehydra- 
tion and infiltration of paraffin were performed by alcohol, butyl alcohol, butyl alcohol- 
paraffin and paraffin succesively. The sections were cut at 10 micra and were stained 
with 0.5 per cent alcoholic toluidine blue solution, or with Mallory’s triple stain. 
In animal micrology, it has been generally known that Mallory’s connective tissue 
staining method differentiates the delicate changes in the protoplasm of animal tissue 
and its products according to the physiological conditions. By dint of this staining 
method it was found that the motor tissue got tinged differently after the stimulus 
was or was not given. The combination of Kaiser’s solution-toluidine blue made it 
possible to demonstrate the tannin substance in the intercellular space by their 
greenish blue staining. 


Observations and Experiments 


As stated in the foregoing paragraph, with a purpose to know the presence of 
tannin substance in the motor tissue, the author tried first to demonstrated the 
tannin in the parenchyma by employing Kaiser’s solution-toluidine blue method. In 
the motor tissue before the stimuli, the canaliculated intercellular spaces which 
contain the tannin substance appear very clearly due to its greenish blue stained 
by toluidine blue. It must be mentioned here that several special cells are found 
surrounding the canaliculated spaces. These cells have thin cytoplasm at their 
periphery, and do not contain tannin substance at all (Fig. 1. a, b). On the con- 
trary, the surrounding parenchymatous cells are smaller than these special cells, 
and contain much tannin. The small intercellular spaces take the form of a canal 
system which contains tannin substance (Fig. 2. a, b). By fixation with Bensley’s 
fiuid, more particular details are observable. In the anaesthetized plants the tannin 
appears black with osmic acid as shown in Fig. 3. After the bending movement, 
almost the same figure appears also in the motor tissue. This phenomenon is ob- 
servable also by other fixatives, e. g. by Carnoy’s fiuid. The tannin in these canali- 
culated spaces an appearance of the colloidal substance. It seems to the author 
that this figure suggests that the tannin solution has issued from the several 
parenchymatous cells into intercellular spaces. ‘This supposition comes from the 
fact that the cells surrounding the vacuole do not contain the tannin substance as 
shown in Figs. 1, 2 and 4. There is no sign of change in these cells in both plants 
before and after receiving stimuli. By following the route of this canalicule filled 
with tannin it is realized that it leads to the hydathodes (Figs. 1, 4). The canalicule 
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Longitudinal sections of motor tissue. Tannin is issued into canaliculated inter- 
cellular space on the upper side of the primary pulvinus. Tannin is indicated by 
arrows. The tissue is fixed with Kaiser’s fluid and stained with toluidine blue 
x 480. 

Tannin is issued into small intercellular space, which is surrounded by several 
parenchymatous cells. The tissue is fixed with Kaiser’s fluid and stained with 
toluidine blue. x 600. 

The upper side of the motor tissue. 3 is from the material treated with Bensley’s fluid. 
x 320. 4is from the material treated with Kaiser’s fluid. x 480. Arrow indicates 


hydathode. 
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becomes attenuated as it approaches to 
the hydathodes. Upon careful examina- 
tion, though not clear in the photo- 
graphs, these tannin substances are seen 
penetrating into a tiny pore, which is 
observable in a stained material. 

On the surface of the upper half 
of primary pulvinus, these hydathodes 
are distributed 10 to 20 permm2. On the 
contrary, considerably fewer hydathodes 


Fig. 5. Topographic demonstration to are counted on the lower half. Never- 


show the position and the depth of theless, the structure of the hydathodes 
canaliculated intercellular spaces 


observed from the surface view is always 
(shown by arrows). 


the same both in the upper and in the 
lower region. Before proceeding further, it seems better for the reader’s under- 
standing to give a schematic figure which is summarized from the available data 
(Fig. 5). The canaliculated spaces are distributed most frequently in the periphery 
of the upper half and the lower half of the pulvinus. 


Discussion 


Kaiser’s solution gave good results on the fixing of tannin substance in the motor 
tissue. The sections were at the same time stained with alcoholic toluidine blue 
solution which was very convenient for differentiating the tannin substance. On 
the other hand, the tannin solution in the intercellular spaces has strong affinity to 
the osmic acid. It is quite strange to the author that Dutt (2) said “The presence 
of tannin solution in the ‘canaliculated’ intercellular space of Toriyama* was not 
observed by me.” But from the data of the author’s experiment, it is concluded 
that the canaliculated intercellular space is one of the histological structures, and 
is not an artifical figure. These canaliculated spaces may be made to appear and 
not to appear, by different fixation reagents employed. Bensley’s fixation is most 
suitable for the demonstration of the tannin in the intercellular spaces. The writer 
from his experiments knows that the tannin substance can be stained only by Kaiser’s 
fluid or best by the Bensley’s fiuid, and is never stained vitally in the fresh material. 
These facts indicated that the juice which from the several parenchymatous cells 
is a dense liquid, and is not a mere water. At any rate it may be taken for 
granted that the permeability of these cells is increased due to some causes. And 
on the other hand, the secretion of tannin is by no means relevant to the bending 
movement of the primary pulvinus. But, at present, the function of canaliculated 


intercellular spaces remains a question. Yet, the author supposes that the tannin 


* Toriyama, H. (1954) 
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substance has, with all probability, an ecological significance for the protection of 
some injurious insects. The evidence for this possibilty must be the subject of 
future research. 

The author wishes to express his cordial gratitude and hearty thanks to Prof. Siré 
Tarao who has given him encouragement throughout this work. 


Summary 


The obtained data concerning the intercellular spaces in the pulvinus of Mimosa 
pudica may be summarized as follows: 

1) Tannin substance in the motor tissue was fixed with Kaiser’s and Bensley’s 
fluids, and a 0.5 per cent alcoholic solution of toluidine blue was found to be a specific 
agent for staining the tannin. 

2) In the motor tissue both before and after the stimuli, canaliculated inter- 
cellular spaces which contain the tannin appear very clearly by this technique. 

3) The tannin from the several parenchymatous cells is thought to discharge 
into the canaliculated intercellular spaces. 

4) From the data of these observations, it is concluded that the canaliculated 
spaces are by no means artificial figure. 
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Cytogenetic and Cytoecological Studies on Some Japanese 
Species of Rubus J. Chromosomes 
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Introduction 


Rubus is a large genus containing more than 200 species. More than a hundred 
species of them have been studied concerning their chromosome numbers (Chomisury 
1927, Longley 1927, 1929, Longley and Darrow 1924, Crane and Darlington 1927, Crane 
1929, Yarnell 1931, Crane and Laurence 1931, Datta 1932, Darrow ard Longley 1933, and 
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Vaarama 1954). The results obtained by these investigators revealed a polyploid 


; il 30 45 49 ; 1 
relations ess st"; “9 14, 5? 21,- 9 7h 9 and 28. Moreover, genom-analy 


sis has been applied to a number of the species in this genus, and the phylogenetic 
relationships between some species and the relation between reproduction and auto- 
polyploidy and allopolyloidy have been proved (Thomas 1940, and Crane 1940). 

In Japan, according to Koidzumi (1913), there are 65 species, 8 subspecies, 10 
varieties, 4 subvarieties, and 4 forms of Rubus. The present author collected some 
species of this genus from various localities of Japan, and he has carried out cyto- 
genetic and cyto-ecological studies on them. 

The writer wishes to express his cordial thanks to Prof. N. Shimotomai for his 
kind direction throughout this work. Hearty thanks are also due to Prof. Y. Hori- 
kawa for his kind direction concerning ecological problems. For the collection of 
materials used in this study, thanks are due to Dr. S. Okabe, Mr. H. Ochi, Mr. A. 
Moriya and Mr. H. Kubota. 


Materials and Methods 


The materials used in the present research are 24 species of Japanese Rubus 
(Table 1). Moreover, two garden varieties of Rubus fruticosus L. and a kind of 
Blackberry, were also studied. 

The chromosomes of Rubus are not stained deep with acetocarmine and aceto- 
orceine, so that the other methods were used. The root-tips and anthers were fixed with 
Navashin’s fluid and sections of them were made according to the paraffin-method, and 
they were stained with Heidenhain’s iron-alum hematoxylin or with Newton’s gentian 
violet. Moreover, the writer used the smear method, combining Feulgen’s nucleal- 
reaction. The root-tips were pretreated for two hours with 0.003 M 8-oxyquinoline, 
and they were fixed with Carnoy’s solution. Then, the materials were hydrolysed 
for seven minutes with 1 M HC1 solution, and they were treated in Wermel’s solu- 
tion for 4-20 hours. The materials were placed on the slide glass and a drop of 
45 % acetic acid was added to it and they were squashed with the cover glass. 


Observation 


The chromosome numbers were counted mostly in root-tip cells (Table 1). Of 
the 24 species studied 19 are diploid (2n=14), the others are tetraploid (2=28), 
hexaploid (2n=42) and octoploid (2n=56). In Rubus hakonensis two forms have 
been found; the form collected in prov. Shimotsuke is hexaploid (2n=42), while the 
form found on Mt. Takanawa, prov. lyo, is octoploid (2n=56). They differ from 
each other in some morphological characteristics; the octoploid has hairs on the 
stem, while that of the hexaploid is less hairy. The chromosome numbers which 
have been. found in the Japanese Rubus are 2n=14, 28, 42, and 56. 


The chromosomes in the cell of the root-tip of Rubus are small in size, and 
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Table 1. Chromosome numbers of some Rubus. 

Subgenera Species name bey Suet Locality 
CHAMAEBATUS R. pectinellus Maxim. 42 | Mt. Ishizuchi; prov. Iyo 
CY LACTIS R. japonicus Maxim. 14, | Prov. Shimotsuke 
ANOPLOBATUS R. ribisoideus Matsum. | 14 Misaki aru gee = 

R. trifidus Thunb. | 14 Prov. Iyo 

R. asper Wallich 14 Kashima; prov. lyo 

R. coptophyllus A. Gray 14 Manazuru; prov. Sagami 

R. eustephanus Focke 14 Prov. Iyo (cult.) 

var coronarius Koidz. 

R. Fauriei Ley. et Vnt. 14 Prov. Inaba 

R. hirsutus Thunb. 14 Prov. Iyo 

R. illecebrosus Focke 14 Mt. Ishizuchi; prov. Iyo 

R. Koehneanus Focke 14 Mt. Ishizuchi; prov. Iyo 

R. microphyllus L. 14 Prov. Rikuchu 
IDAEOBATUS var incisus Koidz. 

R. mesogaeus Focke 14 Mt. Ishizuchi; prov. Iyo 

R. parvifolius L. 14 Prov. lyo 

R peltatus Maxim. 14 Mt. Ishizuchi; prov. Iyo 

R. palmatoides O. Kuntze. 14 Mt. Takanawa; prov. Iyo 

R. phoenicolasius Maxim. 14 Mt. Takanawa; prov. Iyo 

R. pseudo-Acer Makino 14 Mt. Ishizuchi; prov. Iyo 

R. Wrightii A. Gray 14 Mt. Takanawa; prov. Iyo 

R. Yabei Lev. et Vnt. 14 Mt. Ishizuchi; prov. Iyo 

R. Sieboldi Blume 28 Coast of prov. [yo 

R. hakonensis Franch. et 42 Proy. Shimotsuke 
MALACHOBATUS Sav. 56 Mt. Takanawa; prov. Iyo 

R. Buergeri Mia. 56 Mt. Takanawa; prov. Iyo 

R. pseudo-Sieboldii Makino 56 Mt. Tsubogami ; prov. Iyo 


even the largest ones are about 2-3 w long. These chromosomes, when fixed with 
Navashin’s solution without pretreatment and stained with Heidenhain’s iron-alum 
hematoxylin solution, are V-, J-, or I-shaped. In some diploid species there is, 
among 14 chromosomes, a pair with satellites. 

When the following process of the smear method is employed the constriction 
and the satellite of the chromosome are observed more clearly than when the 
method mentioned above is used; that is, chromosomes are pretreated to contracted 
and stained by the Feulgen method. The chromosome morphology of the five species 
which are observed in this way are shown in Figs. 25-29. The largest pair of 
chromosomes in each of the five species has constrictions at median, but the re- 
maining chromosomes have constrictions at median, submedian. or subterminal. And 
the frequencies of occurrence of these three kinds of chromosomes in a genom 


differ from species to species. Of the five species four have a pair of medium-sized 
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Figs. 1-24, Somatic chromosomes in 24 species of Rubus. 1) R. parvifolius. 2) R. 
ribisoideus. 3) R. eustephanus var. coronarius. 4) R. hirsutus. 5) R. phoenicolasius. 6) 
R. palmatoides. 17) R. trifidus. 8) R. Fauriei. 9) R. japonicus. 10) R. Koechneanus. Ie es 
mesogaeus. 12) R. microphyllus. var. incisus. 13) R. Yabei. 14) R. Wrighiii. 15) R. 
illecebrosus. 16) R. peltatus. 17) R. asper. 18) R. coptophyllus. 19) R. Sieboldi. 20) R. 
pectinellus. 21) R. hakonensis. 22) R. hakonensis. 23) R. pseudo-Sieboldii. 24) R. Buergeri. 
x 2600 


chromosomes with satellites. The satellite of R. hiysutus is smaller than those of 
the other species. R. coptophyllus has a pair of large chromosomes with secondary 
constrictions. 

The conjugations of chromosomes of meiosis in P.M. Cs. of these three natural 
polyploids were observed. In R. Sieboldi (2n=28) 14 bivalents are formed at the 
first metaphase. In R. Buergeri (2n=56) there occur mostly 28 bivalents. But 
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sometimes besides bivalents a 
few tetravalents are _ also 
formed. The form of the 
tetravalent is a chain or a 
ring. In R. pseudo-Sieboldti 28 
bivalents are observed at the 
first metaphase. 

In R. fruticosus L. var. 
(cultivate, 2n=28), the common 
configurations of chromosomes 
in meiosis are 13y+2; or 141, 
and the former occurs much 
more frequently (about 70%) 
than the latter. The univalents 
are often left in the cytoplasm 
and form micronuclei, When 
tetrads are formed, there often 
can be found small cells bet- 
ween larger ones. The pollen 
grains are of various sizes. 
And those which seem to be 
normal are oblong with the 
larger diameter of about 40p, 
and the smaller ones, which 
amount to 30 % of all the pollen 
grains, are irregular in shape 
and scarcely germinate. The 
differences in the sizes of the 
ovule, the ovary and the drupes 
in this species are thought to 
be connected with the above- 
mentioned abnormarity in 
meiosis. 

A kind of Blackberry which 
was cultivated in the garden 
was cytologically studied. It is 
a -heptaploid @n=49). The 
chromosome configurations at 
the first metaphase are 211;+71.- 
The bivalents arrange them- 
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Figs. 25-29. Somatic chromosomes of 5 species 
of Rubus. 25) R. trifidus. 26) R. parvifolius. 
27) R. coptophyllus. 28) R. hirvsutus 29) R 
microphyllus var. incisus. x 3000. 


Figs. 30-36. Meiosis of P.M.C. of R. palmatoides 
(diploid), R. Sicboldi (tetraploid), R. Buergeri 
(octoploid), and R. pseudo-Sieboldii (octoploid). 
30: Side view of IM of R. palmatoides, Ty. 31: 
Diakinesis of R. Sieboldi, 147;. 32: Polar view 
of IM of R. Sieboldi. 14y,, 32: Diakinesis of R. 
pseudo-Sieboldii, 28]. 34: Diakinesis of R. 
Buergeri, 33y+22y. 35: Polar view of IM of R. 
pseudo-Sieboldii, 2811. 36: Polar view of IM of 
R. Buergeri, 28y1. x 2500. 
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selves in the equatorial plate 
and the univalents are scattered 
outside of it. At the anaphase 
of the second division, several 
micronuclei are very often 


formed in the cytoplasm, which 


- i i a llen 
Figs. 37-39. Meiosis and somatic chromosome in give rise to abortive polle 


R. fruticosus var. 37) Chromosome in root-tip. grains. 
38) First metaphase. 39) Pollen-tetrad having 
a micro-cell. 37 x1900, 38 x 2100, 39 «1500. Discussion 


Ths genus Rubus is divided 


2 ) { into several subgenera; e.g. 
J ? aS aR Chamaebatus, Cylactis, Ano- 
t wf (7). plobatus, Idaeobatus, Malacho- 


batus etc. All the species be- 
longing to subgenera Idaeobatus 
and Anoplobatus are, so far as 
the investigation has been 
made, diploids. Those which 
come under Subgenera Chamaeo- 
batus and Malachobatus are 
all polyploids, and the latter 


comprises tetraploids, hexa- 


Figs. 40-44. Meiosis and somatic chromosomes in ploids and octoploids. It may 
R. sp. (Blackberry). 40) Chromosomes in root- 
tip cell. 41,42) First metaphase. 43.) Second 
metaphase. 44) Second anaphase with micro- has occured more evidently in 
nuclei. 40 x1900, 41-44 x 2100. 


be pointed out that speciation 


these two subgenera than in 
the others. 

R. pseudo-Sieboldiit is one of the natural species occurring in the south-west 
parts of Honshu and Shikoku. Makino (1926) reports that this plant may be regarded 
as a hybrid between F. Sieboldi and R. Buergeri. The comparative morphological 
observations on these three plants have shown that R. pseudo-Sieboldii is inter- 
mediate between FR. Sieboldi and R. Buergeri in some outer characteristics: the 
lamina, the stipule and the form of the stem. The chromosome number of R. 
Sieboldi is 2n=28, while that of R. Buergeri is 2n=—56. The F, between the two 
species should have 2n=42 chromosomes. But R. pseudo-Sieboldii has 2n=56 chro- 
mosomes. And they do not bloom at the same time. From these facts it follows 
that R. pseudo-Sieboldii is not the F; between both species. Therefore, this species 
is thought to have been produced at a certain time in the past by the ancestral 


hybrids which are supposed to have had some parts of the genoms of these two 
species. 
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Figs. 45-53. Photomicrographs of somatic chromosomes (smear piped 45) R. Slee: 
46 i R trifidus. 48) R. coptophyllus 49) R. parvifolius. 50) R. hirsutus. 51) R. Sieboldi 
52) R. pectinellus. 53) R. Buergeri. x3250 
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Makino (1948) reports that from the taxonomical viewpoint R. palmatoides and 
R. coptophyllus are closely related. As the result of comparative observations of 
these chromosomes, the writer has found that the chromosomes of these two species 
are similar in shape. Therefore, the writer believes, as Makino reports, that system- 


atically these species may be closely related to each other. 


Summary 


1. The present writer has studied cytologically 23 species of Rubus which were 
collected from various localities of Japan and 3 garden Rubus. ‘Their chromosome 
numbers were confirmed to be 2n=—14, 28, 42, 49 and 56, showing a polyploid series 
with a basic number n=7. 

2. As far as the writer’s investigation has been made, subgenera [daeobatus 
and Anoplobatus include only diploids, while subgenera Chamaeobatus and Mala- 
chobatus consist of polyploid species. 

3. In meiosis of Rubus pseudo-Sieboldit, which is a natural octoploid of hybrid 
origin, only bivalents or bivalents with a few tetravalents are formed. 

4. In the garden variety of AR. fruticosus (2n=28), the most frequent con- 
figurations of chromosomes are 13y+2;. A kind of Blackberry was confirmed to be 
heptaploid (2n=49). In meiosis of this plant the configurations of chromosomes 
are 217;+7,;. The pollen grains of these two garden plants consist of normal and 


abortive ones. 
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Developmental Mechanics of Fucaceous Algae VIII. 
Blister Formation in Some Fucoid Eggs 
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It has been revealed that the cell wall of fucoid eggs is progressively hardened 
after fertilization»). This phenomenon plays an important réle in the polarity 
determination. That is, the polarity of these algae begins to appear with elonga- 
tion of the egg form, the membrane hardening proceeds on this occasion and the 
elongated egg form becomes stabilized by the rigid cell wall, which leads the next 
stage to the polarity determination. This has been observed in Coccophora» , 
Fucus». , and in Sargassum?» . Here, the present writer reports his experiments 
on blister formations in some fucoid eggs treated with zinc chloride solution to 
reveal the réle of membrane hardening in the determination. 

The experiments were carried out 1) 
on Coccophora Langsdoy fit in April of 1957 
at the Marine Biological Station of Asa- 
mushi, Aomori Prefecture, 2) on Fucus 
evonescens in May of 1956 at the Institute 
of Algological Research, Muroran, Hok- 
kaido, and 3) on Sargassum confusm in. 
May of 1956 at the Marine Biological 
Station of Asamushi. In each of these 
algae, eggs were liberated and fertilized in 
filtered sea water contained in glass 
vessels. After the fertilization, eggs were 
placed on slide glass, there some drops of 


zinc chloride solutions of various densities 


Fig. 1. Coccophora eggs. a) Normal 

egg, b) blister formation in a normal 

Not a remarkable change was observed egg) c) entrifuped egg, d) blister for- 

at any stage of the development with zinc mation in a centrifuged egg. bl, blister; 

g, giant blister; 0, oil layer at the 
cetripetal end; p, plastid layer. 


were added to, and these were observed. 


chloride at a density lower then 15 per 
cent. But clear knobby blisters (Fig. 1b) 
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Table 1 


Density of zine chloride and time required 
for the blister formation in Coccophora 
eggs just after fertilization. 


ry 


ett 


Density in Blister Time required 


per cent formation in seconds 
60 a 30 
50 + 50 
25 + 360 
ills) 4: 
10 — 
5 = 


Fig. 2. Coccophora eggs. a) Blisters 
formed in an egg after the polarity deter- 
mination, b) blisters united to forma layer 
surrounding the egg. bl, blister; cw, cell 
wall; rh, rhizoid pole. 
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were raised over the egg surface ata 
density higher than 25 per cent (Table 1). 
The blisters appear more remarkably at 
a younger stage than after the polarity 
determination, i.e. after the egg trans- 
formation. The blisters increase in num- 
ber in time. The time required for their 
first appearance differs according to the 
density of zinc chloride solution. The 
higher the density, the shorter the time 
so far as experimented. The part where 
blisters begin to appear is not 
definite, but they are raised in random 
parts on the egg surface, then more 
blisters come out successively, and some- 
time they unite together to form a 
colourless layer, which surrounds the 
egg (Fig. 2b). After two or three hours, 
the blisters begin to dissolve naturally 
and at last disappear. The blister can 
be stained vitally with brillant green or 
with aurantia, but cannot be stained 
with Brasilin, eosin, Janus green B, 
neutral red, Nile blue, or with Sudan III. 
It is not dissolved with 50 or 70 per 
cent alcohol, but can be dissolved witu 


sea water or more promptly with distilled water. After the morphological polarity 


was determined, viz. the egg form was elongated, plasmolysis occurs with addition 


of zinc chloride, that is the egg protoplasm is separated from the rigid cell wall 
which has been hardened parallel with the transformation of the egg form. Asa 
result, the blisters are formed in the space between the plasm and the cell wall 


(Fig. 2a). At two-, three-, or more-cell stage, in Coccophora and Sargassum, blister 


formation does ont or does occur not so remarkably as at the younger stage. In 


Fucus, it still takes place very remarkably at two-cell stage, but it gradually fails 


to occur as the stage proceeds. 


When Coccophora or Sargassum eggs are centrifuged before or just after the 
fertilization at 1500 times gravity for 30 minutes, clear stratification is derived, so 
that oil drops are gathered at the centripetal end as was reported in the writer’s 
previous papers?”). In these centrifuged eggs the blister formation occurs in a 
different manner. A giant yellow blister appears at the centripetal end (Bigo id) 
in addition to the colourless normal blisters which appear in other parts. The 
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giant blister seems to be a protrusion of the oil gathered at the centripetal end. 
Actually, with appearance of the giant blister, the volume of the oil laver becomes 
to be much diminished, so that the centripetal end is a little hollowed inwards. 
Besides, the giant blister can be stained with Sudan III in pink colour different 
from the normal blister. 

Judging from that the normal blisters formed in eggs which were not centri- 
fuged are colourless and cannot be stained with Sudan III, they are not of lipid 
nature, they must be composed of hyaloplasm because of their property of being 
dissolved with water but not dissolved with alcohol. That is to say, it seems that 
the blisters are drops of hyaline plasm extruded from the egg cell through a num- 
ber of considerably small holes of the plasma membrane brought about by addition 
of zine chloride. This can be verified by that the giant blister, the extruded oil 
drop, appears always at the centripetal end where the oil was gathered by centri- 
fugation, while the normal hyaline blisters are formed not at the centripetal end 
but in the other part on the surface of the same centrifuged egg. The presumed 
holes, through which the hyaline plasm extrudes to form blisters, seem to be very 
small considering that the blister does not contian a plastid. The cell wall at a 
young stage appears to be very fragile as it is easily penetrated by the extruding 
hyaline plasm, the blisters. At a later stage, after the morphological polarity was 
determined, the plasma membrane is separated from the cell wall with zinc chloride 
and the blisters are formed in the space intervening between the plasma membrane 
and the cell wall. This phenomenon indicates the occurrence of progressive harden- 
ing of the cell wall with the polarity determination, which results in an irreversible 
change of the egg form pointed towards the rhizoid pole. 


Summary 


When eggs of Coccophora Langsdorfii, Fucus evanescens, or Sargassum confusum 
are treated with zinc chloride solution at a densinty higher than 25 per cent, clear 
blisters are formed over the egg surface. After the morphological polarity was 
determined, plasmolysis occurs with zinc chloride so that the protoplasm is separated 
from the cell wall and the blisters appear in the space between the plasm and the cell 
wall. This indicates that the cell wall has been hardened parallel with the polarity 
determination. The blisters seem to be composed of the hyaline plasm extruded 
through small holes of the plasma membrane brought about by treatment with zinc 
chloride. 


The writer expresses his cordial thanks to Prof. I. Motomura, Tohoku University 
and Prof. B. Wada, University of Tokyo for their valuable suggestions in the blister 


formation. 
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Summary 


1. The present paper deals with the nuclear migration from the diploid mycelium 
into the large haploid mycelium jin the doubly legitimate combination, using 
Coprinus macrorhizus f. microsporus (a tetrapolar fungus). 

2. Both of the nuclei of the diploid mycelium migrate through the same hyphae 
of the large haplont, in which one of the two nuclei advances more rapidly than the 
other. 

3. The speed of nuclear migration seems to be controlled by the modifiers which 
also decide the conjugation affinity between two compatible nuclei. 

4. The both nuclei of an inoculated diplont can rarely arrive simultaneously at 
the terminal cell of a haploid hypha, resulting in coexistence of three nuclei in the 
cell. In this case, if the conjugation affinity between the foreign two nuclei is stronger 
than that between the nucleus proper to the haplont and either of the foreigners, 
conjugation will occur between the two foreigners. 
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1. Alarvia crassifolia Kjellm. +734 vy 

FU AY OWMPRAIL, AY TREO LS oe 
ORO MIC(LCSEAYC, FROLOMAMICH 
TRIDME A Clo SERRATE EE, Phd DIF HO ih 
GNCIE5IVS, COMA, JAPUHAS SC Sh S 
L, OMA AICBAT SDS, 

ARHRAD NaF HEE, 1 AICBIRIIEL << MAKER 
Jf Cmeristoderm) +, RB, fio 38 koe 
So RM OMMAIS 1 KER OARALAATG 
WOODS, RRAWICEET S & FOMMIO—O FOR, 
FEMI TRRIC KO, Hilo Efc Hd Cupper 
cell) E AMID FKLAHMY Clower cell) 21K * FF 
WbrS (Figs. 1, 2), OH, EARN 
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Figs. 1-8. Development of sorus of Alarvia crassifolia Kjellm. All magnifications ca. x 659. 


Fig. 1. Section of sporophyll in sterile portion, showing one layered meristoderm. 
Fig. 2. Transverse division of the meristoderm into the upper cel] and lower cell. 
Fig. 3. Projection of the lower cell between the young paraphyses. Fig. 4. Growth 
of the paraphyses. Fig. 5. Completed paraphyses. Fig. 6. Projection of the lower 


cell between the completed paraphyses. 

Fig. 8. Further stage of development. 
PVG S i Qie BS Cigs. 4,5), GG OOF 
(LID Kc, Ei sVER LOCS RMA L, 
Fico Zp FER LEMR ED 2AOMA 
Maes kA, COB, CN SORRITEE 
vinlt, COUP, HHESHERLE< 4 
Ds, FEABISH < Tho CHRKREERS. COLIICL 
CHAA CE SA a feRiC, FRAIL TF 
SOMAOMICGeeHL, HRS SEEKS 
Ciokik, Fitild@a>bKObnc, ona 
EF AML SD (Figs. 6, 7), —OM Fichiha 
Pp DIO OWEF RMA ERMAN COSHAS 
MRSni. TMUCMADOABLEGERES 
L, ZOMICIL KER OBRADAENCY 
Bo MADIMEILV>< SREB LTOSA, SE 
EME Cimw (Fig. 8). 


Fig. 7. Growth of the zoospore-mother-cell. 


2. Laminaria japonica Aresch. 7 2yv7 

22Y7OOF MRI, RH, HoRmMcoe 
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DBE, FOPICMMLEWRAA CWS, 1 Biz 
BER EWA CW SD PI AAMAE LY & EM Case 
PAA OOSA, MEM ICES & IS Aes 
Le, FIO Efatild & AMO F iene & capi 
BS CFigs.9,10). EficMwtto & EEL 
CHAI LTRS. ENCANA, (PRL 
WE < iho tele, “Fiat = OF EIA FANE 
ie LIDS CFigs. 11,12), CORp5, 
MIAOIMESILE LTC < So FALAIIO PKA 
LE2ZKLESA, COOL BIS PALM IOrA 
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Figs. 9-15. Development of sorus of Laminaria japonica Aresch. All magnifications 


Cay <0005 


Fig. 9. One layered meristoderm. Fig. 10. Transverse division of the meristoderm 


to form the lower cell and the future paraphysis. 
Fig. 12. Projection of the lower cell between the adjacent young paraphyses. 
Transverse division of the lower cell to form the zoospore-mother-cell. 


Further stages of development. 


RICBEO, HO 1 MALMEKI 2 HOH 
LEE RICRMODNBENT So as LOAD 
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OD FMD SLE SNC, CHASE AMG 
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PE UCI“, HKBICE4R 5 CARO ARE 
SUS SET 4S, AAO PAS AHEM aS 
LEWIS, HMBIARE RO, TOM CMEF 
WERT SD (Fig. 14), —oM Fictied bo 
DOWEL EAU) OM SN TCWOSOR, HEX UE 
SNS> BRUCMAOBBIC BPRIC—oOM 
Os, WOWMMIC AAs LO, AUCH 
HNDZIUONSUMAAGIET S (Fig. 15). 


Fig. 11. Growth of the paraphyses. 


Fig. 13. 
Figs. 14, 15. 


3. Undaria pinnatifida (Harv.) Sur. 7 4 2 
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Figs. 16-22. Development of sorus of Undaria pinnatifida (Harv.) Sur. 
All magnifications ca. x 650. 


Fig. 16. One layered meristoderm. Fig. 17. Transverse division of the 
meristoderm to form the lower cell and future paraphysis. Fig. 18. Growth 
of the paraphyses. Fig. 19. Projection of the lower cell between the young 
paraphyses. Fig. 20. Transverse division of the lower cell to form the 
zoospore-mother-cell. Figs. 21, 22 Further stages of development. 
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FAIS Re VEU hd e—7E RGHI OH 
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Summary 


The development of sorus of Alaria crassifolia Kjellm., Laminaria japonica 
Aresch. and Undaria pinnatifida (Harv.) Sur. has been studied. In these species 
both the zoosporangia and paraphyses originate from the meristoderm of the sporo- 
phyll. But, there are some differences in the mode of development of sorus between 
A. crassifolia and other two species. In L. japonica and U. pinnatifida, the upper 
cell is destined to be paraphysis and the lower cell to produce zoospore-mother-cells, 
and zoosporangia and paraphyses develop simultaneously. In A. crassifolia the 
upper cell is destined to be paraphysis but the lower cell to produce both the 
paraphysis and zoospore-mother-cells, and the development of zoosporangia takes 
place secondarily after the complete growth of paraphyses. 
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The chemotaxis of spermatozoids was studied by Shibata (1902, 1905, 1911) in 
Salvinia and some ferns, and recently by Rothschild (1952) in Pteridium. Fujii and 
Asahina (1952) investigated the discharges of the Jsoetes-spermatozoids caused 
through the influeuces of ethyl ether and other chemicals. According to Du Buy 
and Nuernbergk (1938), several authors (Buller 1900, Lidforss 1905, Bruchmann 1909) 
had studied the chemotaxis of fern-spermatozoid caused by the different chemicals, 
especially the salts of organic acids. 

Concerning the influences of neutral salts or hydrogen ion concentrations, 
Yamaha (1946) carried out the experiments on the vital staining of various cells 
of several plants and Igura (1954) on the vital staining of fern-prothallia. However, 
their influences on the duration of life of the spermatozoids are presumed to be 
significant and important in the physiology of fertilization in plants. From this 


viewpoint the present work was undertaken. 


Materials and Methods 


The spermatozoids of the following ferns were used as materials: Athyrium 
melanolepis Christ, Equisetum arvense L., Osmunda japonica Thunberg, Plagiogyria 
Matsumureana Makino, Athyrium pycnosorum Christ, Matteuccia struthiopteris Todaro, 
and Osmunda cinnamomea L. var. asiatica Fernald. The former four species were 
mainly applied to the test of the neutral salts and the latter three to those of the 
hydrogen ions. For the purpose of confirming the effects of cations on the dura- 
tion of life of the spermatozoid, the aqueous solutions of chlorides such as KCl, 
NaCl, BaCly,, CaClz, MgCle, SrClz, AICl3, FeCls were used as the media, whose con- 
centrations were made in the various grades from 510-3 to 0,08M chiefly at the 
sntervals of 0.02M. The buffer-solutions which were held in the hard glass bottles, 
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were prepared according to Mcllvaine’s or Kolthoff’s table and their pH-values 
were from 2.2 to 9.0 at the intervals of 0.2. The concentrations of the buffer-soultion 
were made to be various grades (the ions contained in these buffer-solutions were 
considered to be neglected). The redistilled water was used in all the cases. The 
microscopic observation was made under the illumination of the light source 
whose candle power was about 1200LX, and the temperatures of room and water 
in the experiment were kept to be 20° and 18° respectively. 

The paraffin was set at the both sides of a drop of medium on the slide glass, 
in which the prothallia were dipped and the cover glass was put on the drop and 
the paraffin and the border of cover glass was sealed with paraffin. According to 
this method, the concentration of the medium on the slide glass was able to be 
kept constantly for a long time during the observation. Thus the preparation was 
observed under the phase contrast microscope. In the solutions used as the media, 
the duration of movement of the spermatozoid which was extruded out of the 
spermatid was measured by a stop watch and the duration of movement was re- 
garded as the life-time of spermatozoid (Yuasa 1933, 1938, Igura 1950)». Namely, 
three to five minutes after the spermatozoids swam out of the spermatids, the 
prothallia were removed and the mean value of the longest time was obtained, 
during which the spermatozoids began to swim and all spermatozoids stopped their 


movements. 


Results 


It is not easy, in fact, to ascertain the stop of movement by tracing only one 
spermatozoid and it is doubtful whether the stop of movement means the death of 
spermatozoid or not. That is, even after the stop of movement, the spermatozoid 
may continue to live. As stated before, however, it was regarded that the duration 
of movement means the duration of life of the spermatozoid in the present study. 
On the other hand, in the study of the duration of life of the spermatozoid, the 
various conditions of the medium, in which the spermatozoid lives, e. g. acidity, 
osmotic pressure, concentration of ions, contents of various gases, temperature, 
light and others, must be considered (Yuasa 1937). Besides these habitat factors, 
the individual variation of the duration of life is also important, even in the same 
habitat-factors. 

The results of observations concerning the duration of life of the spermatozoid 
are given in the following Table 1. 

In all the media, the more the concentration of the solution increases, the more 
the duration of life decreases. Thus, the limit concentrations of solutions used as 
the media, in which the spermatozoids are able to live, are summarised as Table 2. 


1) As stated later, it is difficult to determine precisely the duration of life, but usually 
the duration of movement means the duration of life. 
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Table 1. The duration (minutes) of life of the spermatozoid in the media 
of the neutral salts. (Room temperature, 20°; water temperature, 18°) 


we Salt 

Ne, KCI’ | NaCl | BaCiz | Cac; | MgCl; | srci, | aici | Fech 
x04 sis6r/'a0esey | 6 pagal 4oLage | sean |igodes | dom. 

0.01 B05 29297 | | 95-80 | ae-39 | oe-95)') gytanc) x 

0.02 18-9) | 14-16 | ~ x 9 6 8 eid ee? 

0.04 15-20 5-10 x 2 3 x x 

0.06 10-15 x x ee x x x 

0.08 Se x x x x x 
Exp. a ep Tt) ety vo dove. evi levine 
Redistilled | 99-97 | 66-70 | 68-73 |122-127| 108-110] 95-100 | 74-78 | 65-70 


*, Equisetum arvense L.; ©, Plagiogyria Matsumureana Makino; A, Athyrium 
melanolepis Christ; x, the spermatozoids are immobile; Exp., experiment. 


Considering the influences of Table 2. The limit concentrations of the 

: solutions of neutral salts within which the 

the neutral salts on the duration spermatozoids are able to live (Athyrium me- 
of life of the spermatozoid shown lanolepis Christ). (Room temperature, 20°; 


; iit, water temperature 18° 
in Table 2, it is found that the - ) 


limit concentration of solution is ae 
highest in the case of KCl and 
lowest in that of FeCl3, and the 8 0. 06 
more the ion-value of the solution & 0.04 
becomes high, the less the limit of : nak: 
concentration; i.e. the series of ion 5 

0.01 
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The manners of the movements 


: : é ee) y E> Ae QQ) x 
of spermatozoids in the solutions A 2 6 3 ) 2 S 6 
whose concentrations are lower 4 a Ce 
Medium 


than the limit one are same in the 


‘ —, the spermatozoid is immobile; +, the small 
ns by Yuasa ; F Ars : 
cases of the observatio by number of spermatozoid move for a short time; 


(1933) and Igura (1950) which were +, the spermatozoids move. 

made in the tap water. When the concentration of solution becomes higher 
than the limit one, the spermatids tend to discharge out of the antheridium as 
‘small masses. Though they scatter gradually, the spermatozoids do not swim out 
of the spermatids. Even if the spermatozoid swims out of the spermatid in the 
solution whose concentration is high, its number is small, its movement is slow in 
general, and the duration of moyement is short. Even when the movement js 


40 fiw M BR BMS BES HAF 33 4 2 A 


active, it suddenly loses its velocity and stops, and sometimes it makes a rotatory 
movement in a right-handed direction or often in a left-handed. 

As to the influences of the hydrogen ion on the duration of life of the sper- 
matozoid, the results shown in the following Table 3 are obtained. 


Table 3. The influence of the hydrogen ion concentration on the duration of life 
of the spermatozoid. (Room temperature, 20°; water temperature, 18°). 
The figures (except those of pH-values) in the table represent the duration-times 


(minutes) within which the spermatozoids are able to live. 


~ Mcllvaine-buffer: Matteuccia Kolthoff-buffer : Osmunda cinnamomea 
— struthiopteris Todaro L. var. asiatica Fernald 
pH- seta 0 il 0 05 0,025 0. 01 Bx10-9 1x 10-3 ; 0.1 02057710; 025 0201 tox 10S25 ds n0=2 
value ; : ile eS eX Se ge: s 
9.0 XN SON ATO IS: 20 30 XN x 10 5 20 
ay2 <P 5 20 40 50 x se Loy 20 35 50 
(ee <a ily BO) 3 A5 < Al10 ily AY) 5) 40 
6.0 Se NI 0) 20 35 Se x Al5 a 20 40 
2 Sy Neue ee Aaclll() Pema ty 15 30 SN x Ald 10 20 25 
A KN IN ALO 15 15 20 Sq eee Sa Awe Nillll ais) 20 
3.0 GI EGAN AOD ALO A\10 SCN GL ee ALO ALD) Al5 
AP SN SIN ENS xA AlO IN NN, ATO ATO) Al0 


x, the antheridium discharges but the spermatozoid does not swim out of 
the spermatid; A, the number of the discharged antheridia is small; a, the 
number of spermatozoids which move is small. 


SR 


Fig. 1. The antheridia and spermatozoids of Matteuccia 
struthiopteris Todaro under the negative high objective 
of the phase contrast microscope. 

A. Antheridia in which the spermatozoids (a) are in- 
cluded (Upper view). B. Spermatozoids in the solution 
of 1x10-3 M Mcllvaine-buffer whose pH-value is 8.2; 45 
minutes elapsed after they extruded out of the antheridia; 
some of them swam and some stopped their movements. 


The duration of life 
of the spermatozoid is 
longest in both 1 x10-3M 
Mcllvaine’s and _ Kol- 
thoff’s buffer-solutions 
whose pH-values are 8.2 
in both cases, and the 
mean value is 49 mi- 
nutes (Fig. 1). The test 
in the tap water which 
was carried out at the 
same time showed that 
the duration of life 
is 39 minutes which is 
shorter than that of the 
former. The duration 
of life is fairly longer 
in 1x10-3M buffer-solu- 


tion whose pH-value is 5.2-9.0, but longer at pH 6.0-8.2. It is found that the 
near value of pH 8.2, that is, the alkaline side is optimum for the life of spermatozoid, 
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The smaller the pH-value becomes, Popa ny cen ire 
f : iad ia Fig. 2. The individual variation of the dura- 
the shorter the duration of life tion of life in 234 spermatozoids of Athyrium 
becomes gradually, and the number Pycnosorum, Christ (Room temperature, 20°; 
; : water te sarature, 18°; =3 . f-buffer 
Of cpermatozoids which are niece Es : ae iture, 18°; 1x10-3M Kolthoff-buffer, 
i pH 8.2). 
move is small. In other words, the 
hydrogen ion is presumed to have 
an injurious effect on the life of 
spermatozoid. The limit concentra- 
tion of the buffer-solution related 


to the movement of spermatozoid 
was found to be in the near value 
of 0.025M. The smaller the con- 


centration becomes than this value, 


Frequency 


the more suitable it becomes for 


the spermatozoid to live. The state 


i 2 30 40 50 60 (Oe cm sole L0G 
of the movement of spermatozoid Duration (minutes) 


resembles the case of the neutral 
salts. Table 2. The limit concentrations of the 
] ; : solutions of neutral salts within which the sper- 
The duration of life of the matozoids are able to live (Athyrium melanolepis 


spermatozoid is’ influenced, as Christ). 
above-mentioned, by the habitat- (Room temperature, 20°; water temperature, 18°) 


factors, but even in the same Duration |i- 5 


; 3 35 38 40 43 48 53 68 75 83 88 93 96} Total 
(minutes ) 


factors, it shows the individual’ - - ‘ 
Frequency] 2 2 4 910152155.42302214 6 2) 234 


variation. The results obtained 


in regard to the variation in the duration of life of the spermatozoid (Athyrium 
pycnosorum Christ) in the solution of 110-3 M Kolthoff-buffer (pH 8.2) which showed 


the longest duration, are given in Fig. 2. 


Considerations 


The life of spermatozoid is influenced by the ion-value (cation) in the neutral 
salts in inverse proportion to the largeness of the ion-value, and the hydrogen 
ion disturbs the life of spermatozoid, therefore, the spermatozoid is able to conti- 
nue its life for a longer time in the medium whose pH-value is large, namely 
whose acidity is in the alkaline side. The studies concerning the chemotaxis of 
spermatozoid by Shibata (1902, 1905, 1911), Rothschild (1952) and other authors were 
carried out in consideration of the hydrogen ion in the medium, by which the 
taxis occurs. In writer’s opinion, however, when the spermatozoids extrude out 
of the spermatids and swim about in the medium on the prothallia, it is favorable 
that the ion-value of cation in the medium is small and its acidity is alkaline. More- 
over, when the spermatozoid arrives at the archegonium through the medium and 
approaches to the egg-cell, the same conditions must be kept. In this way, it is 
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significant and important from a standpoint of the physiology of fertilization to 
know the influences of the neutral salts and the hydrogen ion on the duration of 


life of the spermatozoid. 


Summary 


Studying the influences of the aqueous solution of KCl and other seven kinds 
of the neutral salts and the hydrogen ion on the duration of life of the spermatozoid 
of Athyrium melanolepis Christ and other six species of Pteridophyta, the following 
facts were known. 

1. The duration of life of the spermatozoid is effected by the cation and the 
more the ion-value of cation increases, the more the limit concentration of the 
solution in which the spermatozoid lives decrease gradually. 

2. The hydrogen ion disturbs the duration of life of the spermatozoid. The 
medium whose acidity is alkaline (pH 8.2) is most favorable for the duration of 
life of the spermatozoid. 

3. In fertilization, when the spermatozoids approach to the archegonium and 
enter in it and at last reach the egg-cell, it is favorable that the ion-value of 
cation in the medium is small and the acidity of medium is alkaline, in which 
the spermatozoids move on. This fact is significant and important from the view- 
point of the physiology of fertilization. 


The writer expresses his hearty gratitudes to Prof. A. Yuasa, University of 
Tokyo, who gave him valuable instructions in the course of this work and kind- 
ness in revising the manuscript. 
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Introduction 


There have been comparatively few studies on the metabolism of rutin in the 
animal body (1-4) and among them the work of C.W. Murray and his coworkers 
(2), that 3, 4-dihydroxyphenyl acetic acid was found in the urine of rabbits 
after oral administration of rutin or quercetin, is very interesting as to in vivo 
degradation of rutin or quercetin. As regards microorganisms, however, there 
has been hitherto no study whether and how rutin would be metabolized by them. 

In our laboratory, we found one day in June this year, that, among uncovered 
solutions of gallic acid, phloroglucinol, and rutin, only the latter one had been 
infected after a few days by a fungus, which was revealed by inoculating it into 
a cultural medium. Curiously enough the presence of the fungus could not be 
anticipated when seen by naked eyes, but after 3 days culture an apparent growth 
of a fungus was eventually observed. The isolation was, however, relatively easy 
and we obtained a pure culture with the cultural solution given in the experi- 
mental part. i 

In the present paper, some of the results obtained in the study on the degra- 
dation of rutin by this fungus is presented. So as to make the description easily 
understandable, we would like to express this fungus as Pullularia**. 

The Pullularia forms phloroglucinol and protocatechuic acid from quercetin 
when cultivated in rutin solution to about 75% of the theoretical value, while 
rutinose, rhamnose, and glucose were formed as the products of hydrolytic process 


of rutin by means of rhamnodiastase and rhamnosidase. 


Experimental 


The organism was at first grown at 25° on a medium containing 0.5 % glucose, 
0.5 % pepton and 2 % agar, the pH of the medium being adjusted to 6.0 with phos- 


* Botanical Institute, Faculty of Science, University of Tokyo, Hongo, Tokyo. saa =HE "4 
** The genus to which this fungus belongs has not yet :been definitely determined, but, 
according to the studies of Mr. M. Yoneyama, Biological Laboratory, Minami Branch, 
Hiroshima University, it has been so far decided to belong to Pullularia. The morphological 
and taxonomical research are now being made by him, and we are looking forward to 


seeing his successful result in near future. 
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phate buffer, and the concentration of phosphate in the medium being 0.2 %. After 
48 hrs growing, a small amount of the mycelium (about 2.5 mg. in wet weight) was 
added to 50 ml of a 0.02 % aqueous solution of rutin, which had been previously 
sterilized on a boiling water-bath for 1 hr, and allowed to stand at 25° for 5 days. 

For isolation and identification of the degradation products, extracts of the 
rutin solution, which had been made by shaking several times with ether, were 
subjected to ascending paper chromatography (Whatman No. 1 filter paper), using 
n-butanol-acetic acid-water (4:1:2) or 80% phenol as solvents. The detection of 
the location of the various hydroxy aromatic substances on the air-dried paper 
was accomplished by spraying a solution of freshly prepared benzidin reagent or 
a saturated aqueous ferric chloride solution. 

On the other hand, for quantitative analysis of the metabolic products, ultra- 
violet absorption of the cultural medium of rutin was measured with a Beckman 
spectrophotometer and paper chromatography was used, too. 

Rutin used in this work was extracted from the dried unopened flowers of 
Sophora japonica and purified by repeated recrystallisation. 

Benzidin reagent was prepared as 
follows. Benzidin (5 g) was stirred with 
conc. HCl (14 ml) and water (980 ml) was 
added afterwards to the suspension. A 
suitable amount of this solution was 
mixed with an equal volume of a 10% 
NaNO, solution and the mixture was 
stirred till it became clear and pale yellow 
(5). 

For isolation and determination of 
saccharides, a sample was subjected to 
ascending chromatography on_ paper 
(Whatman No. 1), using upper phase of 
n-butanol-acetic acid-water (4:1:5) as 


solvent. The detection of the location of 


saccharides was accomplished by spraying 


sha olta ee ore 809% Phenol benzidin reagent containing  trichloro- 
acid-water (4:1:2) acetic acid. 
Fig. 1. Paper chromatograms of ether Saccharides were prepared by concen- 


extract of rutin solution cultured with 
the Pullularia. 
Spot ee phloroglucinol pressure, from which aromatic compounds 


SHOGIY Zosoovoes protocatechuic acid i ‘ 
é previously had been removed by shaki 
‘SOO Basoncouse unknown substance ; x bie 
with ether. 


trating the cultural medium under reduced 
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Results 

A schematic diagram of a chromatogram of an ether extract of the medium, 
in which 0.2 mg. of rutin per ml was cultured with the Pullularia for 5 days at 
25°, is shown in Fig. 1. 

Spot 1 was red in color after spraying benzidin reagent, but colorless with an 
aqueous ferric chloride solution, and its Rf value agreed exactly with that of 
phloroglucinol both in butanol and in phenol solvents. 

Spot 2 yielded yellow orange dyes with benzidin reagent and blue dyes spe- 
cific to protocatechuic acid after spraying an aqueous ferric chloride solution. Its 
Rf value coincided with that of protocatechuic acid both in butanol and in phenol 
solvents. 

It is obvious from these results that spots 1 and 2 demonstrate the presence of 
phloroglucinol and protocatechuic acid, respectively, in metabolic products of 
rutin. In addition to these spots, a third spot, small in size, was detected. It 
showed a red color with benzidin reagent, but its identification has not yet been 
successful. 

An ultraviolet absorption spect- 
rum of the rutin solution after 
degradation with the Pullularia is 
shown in Fig. 2. If rutin is per- 
fectly decomposed to phloroglucinol 
and protocatechuic acid, the sample 
used in drawing curve 1 has to 
contain 0.0011 mg. of phloroglucinol 
and 0.013 mg. of protocatechuic acid 


Optical density 


both per 1 ml. 

It is thought to be effected by 
the other metabolic products that 
the absorption shown in curve l 
(Fig. 2) is higher than that of 
theoretical in wave lengths from 
240 mp to 265 mp. 


240 260 280 300 
Wave length (mp.) 


Fig. 2. The ultraviolet absorption spectra of 


About 75 % of the theoretical rutin solution cultured with the Pullularia. 
quantity of protocatechuic acid Curve 1. Rutin solution (containing 0.18 mg. 
seems to be present in the medium rutin/ml) cultured with the Pullu- 


uidvi f the absorption at laria; 3.5 times diluted with water. 
eeriga . - Curve 2. Protocatechuic acid; aqueous solution 


290 mw wave lengths, where it (0.013 mg./ml) 
seemed not almost to be effected Curve 3. Phlorogucinol; aqueous solution 


. (0,011 mg/ml) 
r : . . 
eae elem Onthe aie Curve 4. Protocatechuic acid (0.013 mg./ml) 


hand, from comparison of the size and aphtoroelicinol (0,01 Pe gHfinl),; 
and color of the spot on paper aqueous solution. 
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Fig. 3. Paper chromatogram of 
saccharides in rutin solution cultured 
with the Pullularia. 


SHOE, Wl soos rhamnose 

Spot 2......glucose 

SOO. Bacaane rutinose 
TANG Goin: sample 
IS) Lead control 


Solvent ...upper phase of n-butanol- 
acetic water (4:1:5) 


a): 
OH 


Rutinose 


OH 
—> 


+ Rutinose 


+  Rhamnose+ Glucose 


71 & 836 & faa 33 2 # 


chromatogram with those of pure com- 
pounds, more than about 70 % of the 
theoretical quantities of both proto- 
catechuic acid and phloroglucinol were 
established to be present in the cultural 
medium. 

A schematic diagram of a chromato- 
gram of the saccharides in the cultural 
medium containing rutin is shown in 
Wiese, ee 

It is evident from Fig. 3 that ruti- 
nose, rhamnose and glucose are present 
in the -cultural medium. From this 
result, the activities of rhamnosidase 
and rhamnodiastase are very probable 


to be present in the microorganism. 


Discussion 


The finding of the fungus Pullularia 
which is able to decompose rutin to 
phloroglucinol and protocatechuic acid 
is of interest. From the results, rutin 
may be degraded as follows. This 
scheme reminds us of the alkaline de- 
gradation of quercetin that proceeds 
quite in the same way. In this connec- 
tion the way of rutin degradation taking 
place in the cultural solution of the 
fungus seems to be similar to pure 
chemical process. The fate of C3 and C, 
of the aglycone quercetin is also un- 
known as is the case with chemical 
hydrolysis. 

In the case of degradation of rutin 
in animal body, 3, 4-dihyroxyphenyl 
acetic acid has been found, but there 
is detected no such substance in the 
degradation products of rutin by this 
Pullularia. 
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Though rutin is rather easily decomposed by the Pullularia, quercetin itself does 
not show any sign of decomposition, when alone subjected to the action of the 
organism. The degradation of quercetin, however, occurs, when sucrose was added 
to the cultural solution. The studies on the kinetics of the interesting and curious 
disruption of quercetin by the Pullularia are now in progress. 
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Summary 


1. A microorganism, an imperfect fungus, was isolated from the air, which 
decomposes quercetin, the aglycone of rutin, into phloroglucinol and protocatechuic 
acid, when cultured with rutin, but not with quercetin itself. This fungus belongs 
to Pullularia. 

2. More than about 70 % quantity of theoretical value of phloroglucinol and 
protocatechuic acid are found after decomposition of rutin by the organism. 

3. The activities of rhamnodiastase and rhamnosidase are found in the organ- 
ism and rutinose, rhamnose and glucose are detected in the medium after 5 days 


culture. 
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The present author has succeeded in producing in barley a considerable num- 
ber of autotriploids during the past several years (Tsuchiya 1949, 1952a, b, 1953a). 
In the present paper, the experimental results regarding cross compatibility be- 
tween diploid and induced autotetraploid barleys are described. 


Materials and Methods 


In the crossing experiments, diploids and induced autotetraploids of the follow- 
ing 5 cultivated varieties and 1 wild species were used. All autotetraploids used 
were produced by Dr. T. Ono by colchicine treatments (Ono 1946, 1947). 

Hordeum sativum Jessen (cultivated varieties) 

Early Golden Melon (two-rowed) 


Hakata No. 2 ( " ) 
Hosokara No. 2 (six-rowed ) 
Hosomugi ( ” } 
Mochimugi ( " ) 


H. spontaneum C. Koch var. transcaspicum Vay. (two-rowed wild species) 

Bonnett’s method (Bonnett 1938) was used exclusively in the crossing experi- 
ments. To count the chromosome numbers in root tip cells, both paraffin method 
and aceto-carmine squashes were employed and the meiotic chromosomes were 
observed in temporary aceto-carmine preparations. 


Results and Considerations 


1) Crossing experiments 


Adopting Bonnett’s method (1. c.), the flowers were opened by slitting the lemma 
with a sharpened forceps. Through the slit made in the lemma the anthers were 
removed and pollinations were made. 


The results of the crosses are given in 
Table 1. 


* Kihara Institute for Biological Research, Yokohama, Japan. ARE FSET 
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Table 1. Cross fertility in reciprocal crosses of 4xx2x and germination 
of the seeds. 


N umbe r O ie 


Germination 


Materials and 


’ Year Fertility (%) 
cross combin. florets seeds) : No. of seed % 
BIO 
EGM.”) 1947 94 3 3.19 1 33. 33 
1952 49 6 12.24 0 = 
1953 370 274 74. 05 1 0.36 
HST.) 1952 793 130 16. 39 124) OB) 3 
1953 956 468 48.95 125) 250 
Hakata No. 2 1952 ae 1 29 0 — 
1953 206 63 30.58 2 Calin 
Hosomugi 1952 AT 0 0. 00 — = 
Hosokara No. 2 1952 80 0 0. 00 = = 
Mochimugi 1955 49 20 40. 81 16) 5. 00 
EGM.4x x HST. 2x 1948 19 18 94.73 27) ale aa 
2x x 4x 
BST 1952 21 19 90. 48 0 — 
Hakata No. 2 1952 40 39 97.50 0 — 
Hosomugi 1952 16 0 0. 00 = pe 


1) Plump and shrivelled (parthenocarpic) seeds are involved. 

2) Early Golden Melon. 

3) Hordeum spontaneum C. Koch var. transcaspicum Vay. 

4) 7 plants died in early seedling stage and the remaining 5 grew to maturity. 
5) 1 plant died in the seedling stage and the remaining 11 grew to maturity. 
6) Died early in the seedling stage. 

7) 1 plant died early in the seedling stage and the remaining 1 matured. 


No seeds were obtained from the crosses 4x 2x or 2x x4x in Hosomugi and 
4x x~2x in Hosokara No. 2, while many seeds were obtained from 4xx2x in Early 
Golden Melon. The cross of Early Golden Melon 4x Hl. spontaneum var. trans- 
caspicum 2x (1948) gave a very high percentage of seed setting (94.7 %). From the 
cross 2x 4x (1952) in Hl. spontaneum var. transcaspicum, 19 seeds were obtained 
from 21 florets (90.5%). In the reciprocal cross of 1952, 4x x2x, the fertility 
was lower than in 1953. Hakata No. 2 showed a rather low percentage of seed 
setting in the cross 4x x2x. The fertility, however, showed an increase from 1.3 % 
in 1952 to 30.6 % in 1953. The reciprocal cross, 2x x4x, showed the highest fertility 
(97.5 %) in 1952. Mochimugi showed a fertility of 40.8 % in the cross 4xx2x in 
1953. 

2) Germination tests 

The results of germination tests are given in the last 2 columns of Table 1. 
Though the seed setting was rather good in the cross 2x x4x, combinations of 7. 
spontaneum var. transcaspicum and Hakata No. 2, the seeds did not germinate. 

Out of 283 seeds of the cross 4x 2x in Early Golden Melon, two triploid plants 
were obtained, namely 1 plant out of 3 seeds in 1947 and 1 out of 274 seeds in 


1953, but all the 6 seeds obtained in 1952 failed to germinate. 
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Considerable number of seeds obtained in the cross 4x x2x of Hl. spontaneum 
var. transcaspicum germinated. In 1952, 12 out of 130 seeds germinated; 7 plants 
died in an early seedling stage and the remaining 5 grew to maturity (Tsuchiya 
1953a). 12 seedlings emerged from 468 seeds in 1953 but 1 died by an accident 
and the remaining 11 plants grew up to maturity. 

In Hakata No. 2,1 seed of the cross 4x 2x (1952) did not germinate. Two 
seeds out of 63 obtained from the same cross in 1953 germinated and the plants 
matured. 

Mochimugi gave one seedling from 20 seeds in the cross 4x 2x in 1953, which 
was killed by an accident in an early stage. 

The results mentioned above show that seeds obtained in the crossing with 
diploid mother plants, 2x x4x, do not germinate, though seed setting is very good, 
with the exception of Hosomugi. The situation is reversed in the reciprocal cross, 
4x «2x; that is, seeds were able to germinate in many cases, although seed fertility 
and percentage of germination were not always high. Similar relationship has 
been reported in Raphanus (Nishiyama 1949, 1952), Brassica (Nishiyama and Inamori 
1952, 1953), Capsicum (Nishiyama and Karasawa 1954), Hordeum and Zea (Hakan- 
sson 1953), and other plants. 

The fact that seed setting in selfing of diploids and induced autotetraploids 
of barley is very good shows that both pollen and embryo-sacs of diploids and 
tetraploids are functional (cf. Ono 1946, 1947, 1948, 1949a, b, 1952, Tsuchiya 1953b). 
However, only a few seeds obtained from the cross 4x 2x germinated and none 
of the seeds from the reciprocal cross, 2x x4x. These results seem to show that 
the cross incompatibility between diploid and autotetraploid barleys may be ascribed 
mainly to zygotic sterility and not to gametic abortion. 

Hakansson (1953) ascribed the failure of seed setting in reciprocal crosses 
between diploid and tetraploid plants of barley (and maize) to the “degeneration 
of endosperm and embryo” resulted from the unbalanced quantitative relations 
of chromosome numbers (genomes) within the seeds. According to him, “the 
changed relations between the maternal tissue and the endosperm were considered 
to be the initial cause of the irregular development and degeneration of the endo- 
sperm; the death of the embryo was secondary to the disturbed endosperm devel- 
opment”, The significant differences seen in either seed setting or in germina- 
tion percentage among materials and in defferent years, however, remain unsolved 
problem. 

Smith (1951) and Hakansson (1.c.) reported that the production of autotriploids 
in barley by crossing induced autotetraploids with diploids was very difficult. 
The present experiments carried out during the past 4 years tend to confirm their 


results, namely only 19 autotriploids were obtained from the 2721 (4x2) and 77 
(2x 4x) florets, i.e., 0.67 %. 
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3) Cytological observations 

Among 31 plants obtained from the seeds of the cross 4x x2x, 10 died in early 
seedling stage and the chromosome numbers of remaining 21 plants were counted 
as given in Table 2. 


Table 2. Chromosome number of plants obtained from the cross 4x x2x in barley 


Name ber “OE Ae al respective 


Materials Year chromosome numbers of 
Bo = oe 29 30 

Early Golden Melon 19471) 1 

" 1953 1 
Hi. spont. var. transcaspicum 1952 1 3 1 

Wa 1953 10 i 
Hakata No. 2 1953 Y 
EGM.®) 4x x HST.) 2x 19485) i 


1) Tsuchiya 1949, 1952a. 

2) ——— 1953a. 

3) Early Golden Melon. 

4) Hordeum spontaneum C. Koch var. transcaspicum Vav. 
5) Tsuchiya 1952b. 


One plant of Early Golden Melon obtained from the cross 4x «2x in 1947 was 
a hypo-triploid with 2n=20 chromosomes (Tsuchiya 1949, 1952a) and another plant 
from the same cross in 1953 had 2n=21 chromosomes. 

Among 5 matured plants of 4x 2x (1952) in H. spontaneum var. transcaspicum 
there were 3 eu-triploid with 2n=21, 1 hypo-triploid with 2n=20, and 1 hyper- 
tetraploid with 2n=29 chromosomes. Somatic chromosomes of all 11 surviving 
plants from the cross 4x x2x in the same species (1953) were counted; 1 was hyper- 
tetraploid with 2n=30 and the remaining 10 were eu-triploids with 2n=21 chromo- 
somes. 

Two individuals from the cross 4x x2x of Hakata No. 2 made in 1953 were eu- 
triploid with 2n=21 chromosomes. The hybrid plant raised from the cross Early 
Golden Melon 4x H. spontaneum var. transcaspicum 2x in 1948 was also eu-triploid 
with 2n=21 chromosomes (Tsuchiya 1952b). 

As described above, almost of all the plants obtained from the cross 4x x2x 
were hypo- or eu-triploids with 2n=20 or 21 chromosomes. Unexpectedly, however, 
29- and 30-chromosome plants were obtained from the cross 4x «2x in H. spontaneum 
var. transcaspicum. These two plants might have resulted from the union of hyper- 
diploid eggs in tetraploids and unreduced pollen which occur rarely in diploid barley 


as observed by Smith (1942) and Tsuchiya (1955). 
Self-pollination resulting from unsuccessful castration should be foe into 


consideration as an alternative. 
Similar cases of unexpected occurrence of tetraploid plants in the crosses 


between autotetraploids and diploids have been reported in Raphanus (Nishiyama 
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1949, 1952) and Brassica (Nishiyama 1953). 

Eight seedlings (27.6 %) out of 31 obtained from the cross 4x x2x died in a 
very early stage. From the morphological features these seedlings were assumed 
to be triploid or nearly triploid. The difficulty in obtaining autotriploids from the 
cross 4x 2x in barley may partly be ascribed to a very low viability in early 


seedling stages. 


Summary 


1. Diploids and induced autotetraploids of 2 two-rowed and 3 six-rowed culti- 
vated varieties of Hordeum sativum and a two-rowed wild species, H. spontaneum 
C. Koch var. transcaspicum Vay. were used in the crossing experiments. 

2. Seventeen eu-triploids with 2n=21 and 2 hypo-triploids with 2n=20 chro- 
mosomes were obtained from a total of 2721 florets of the crosses 4x x 2x. 

3. The cross 2xx4x gave a high percentage of seed setting with an exception 
of Hosomugi in 1952, the seeds, however, did not germinate. 

4. Unexpectedly, two hyper-tetraploids, 2n=29 and 30, were obtained from the 
cross 4x x 2x in H. spontaneum C. Koch var. transcaspicum Vay. 

5. The percentage of seed setting and of germination differed in different 
cross combinations and different years. 
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According to Tahara (9), Sargassum enerve and S. Horneri eggs are cloven irregularly 
in various degrees if they are treated with hypertonic sea water soon after fertilization, 
nevertheless their developmental fate is not altered but they develop to normal embryos. 
The same phenomenon was discovered by Nakazawa (6) in strongly centrifuged ee of 
Sargassum tortile. It is also certain that in Sargassum confusum eggs some irregular 
cleavage patterns were derived under natural conditions but their irregularity could not 
modify their original polarity axis (5). On the other hand, it is reported that when 
Funaria (2) and fern (3) spores are cultured in colchicine, chloral hydrate, or in a- 
naphthalene acetic acid, irregular germination does occur so that the spores become to 
be mere masses of cells and they never perform specific morphogenesis so far as they 
are reared in the same medium. Here arises a question as to why in Sargassum eggs 
the irregular cleavage cannot affect the normal differentiation, while in Funaria or in 
some fern spores it results in the loss of differentiation potentialities. Herein, the 
writer presents his recent experiments on some abnormally cloven eggs of Coccophora 
to clarify the above question. 

In April, 1956 and 1957, Coccophora Langsdorfii was collected at Asamushi, eggs 
discharged in glass vessels were fertilized artificially, and cultured in normal filtered 
sea water contained in Petri dishes. During 
this cultivation, abnormally cloven eggs 
were obtained from among the normal 
eggs in a proportion of about one per cent. 
These were obtained not by treatment 
with a special agent but were derived 
under natural conditions. Their abnor- 
mality could be classified into 1) abnor- 
mally segmented eggs, i.e. abnormal 
merely in their irregular cell wall 
formation but of normal morphology 


, : 4 : Fig. 1. a) Normal egg, b,c,e-h) abnor- 
(Fig. 1), and 2) irregular-formed eggs, Le. moll Aocsiited da pesnandndincadtinal 


irregular in their external morphology embryo of Coccophora. 
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(Fig. 2), 124 of the formers 
and 62 of the latter ab- 
normal eggs were picked 
up and cultured separate- 
ly in Petri dishes with 
filtered sea water at room 
temperature, about 15°. 
39 from the former and 
21 from the latter culture 


were stained vitally with 


brilliant green, and 45 
Fig. 2. Irregular-formed Coccophora eggs. from the former and 20 


from the latter culture with neutral red for revealing the permeability gradient. 
For this purpose, 0.1 per cent distilled water solutions of each dye were prepared, 
then the solutions were diluted into the filtered sea water, pH 8.2, in a proportion 
of 3 drops to 10cc of sea water. The staining media thus prepared were sepa- 
rately kept in Petri dishes of 3cm in diameter and were made 5mm indepth. In 
these media the eggs were soaked and inspected with microscope. The remaining 
abnormal eggs were cultured further on and their later development was recorded. 
The same experiment was carried out on the normal eggs for comparison. The 
experiments were conducted in 1956 and in 1957 and the same results were obtained. 

Polar staining appeared in 48 to 56 per cent of the abnormally segmented 
eggs (Table 1). The ratio was much lower than that which was derived in the 
normal eggs, but it is much higher than what was observed in the irregular-formed 


Table 1. Polar vital staining in the normal and the abnormally 
cloven Coccophora eggs. (Experiments in 1957) 


ie Irregular-formed eggs Normal eggs 
D 
© | PES | eB | eins | tA, | Sines | ait 
ei | mented mented mented 
“ee 56.4 39 14.2 21 85 100 
ee he 48.7 45 | 59 20 83 100 


eggs. In the normal egg, the polar staining pattern appeared in connection with 
the egg form as was revealed previously (7). That is, the staining begins to ap- 
pear at the pointed end where the rhizoid primordia are to be formed later. In 
the abnormal eggs, however, it does not always appear in relation to the mor- 
phology, nevertheless, it is the same as in the normal eggs that the staining is 
liable to begin at the part where the permeability is highest. Because, the polar 
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staining appeared at a part gradually extends over all the egg protoplasm and at 
last the egg is uniformly stained. That is, the polar staining cannot be attributed 
to the differential distribution of a stainable substance but it must be explained 
from differential entrance of the dye. Young embryos developed in a high per- 
centage from the normal eggs, while the ratio was much lower in the abnormal 
eggs (Table 2). But a remarkable difference in the embryo formation ratio be- 


tween the two types of the abnormal eggs should not be neglected. That is, only 


Table 2. Normal embryo formation in the normal and the abnormally 


cloven Coccophora eggs. (Experiments in 1957) 


Abnormally segmented eggs 


Irregular-formed eggs 


Normal eggs 


Embryo E Embryo E Embryo 
7 ggs - ggs + Eggs 
teeters experimented | sigs ver experimented Henares experimented 
Sage See Te Puli. Bases ell Vt oo =. 
| 
76.9 40 4.7 21 98 100 


one, i.e. 4.7 per cent, out of 21 irregular-formed eggs developed to a young embryo, 
while 30, i.e. 76.9 per cent, young embryos were derived from out of 40 abnormally 
segmented eggs. The polarity axis, represented by the direction of the formation 
of rhizoids, was determined in coincidence with the primary external morphology 
of the egg, that is, the longitudinal axis of the egg became the longitudinal axis 
of the embryo. 

From observations above, it is clear that the developmental polarity cannot 
be affected by any abnormal segmentation occurred in the egg, but it is con- 
trolled by the morphologically longitudinal axis of the egg, and if the external 
morphology is altered irregularly by some means the morphological potency can 
be diminished. The failure in differentiation found in abnormally cloven spores 
of Funaria (2) and Dryopteris (3) cultured in colchicine, chloral hydrate, or a- 
naphthalene acetic acid can be explained from the same point of view. However, 
as to the recovery of their ability of differentiation when returned to normal 
culture medium should be considered otherwise. Thus it seems that any abnormal 
segmentation, so far as it is an internal affair, cannot result in loss of the whole- 
ness but the egg still preserves morphogenetic potentialities. This strongly sup- 
ports an opinion that the main factor of the polarity determination must not 
be in the internal structure but it must be in the cortical part as has been ad- 
vanced by Biinning (1), Motomura (4), Nakazawa (8) and by others. When vitally 
stained, a dye permeability gradient which was reported by Nakazawa (7) was also 
observed along the longitudinal axis in normal eggs, while this coincidence was 
not always observed in the abnormal eggs. Therefore it seems that the permea- 


bility gradient and the polarity axis are sometimes independent of each other, 
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while they are closely connected in the normal egg. 


Summary 


Abnormally cloven eggs of Coccophora Langsdorfii were obtained after being 
fertilized artificially. They were divided into two groups, i.e. abnormal in segmenta- 
tion and irregular in form. Of these, the following was revealed. 

(1) The abnormally segmented eggs can develop to normal embryos, while its 
ratio is a little lower than that in the normal eggs. The irregular-formed eggs, 
however, can merely proceed their cell division forming irregular patterns but 
cannot start morphogenesis. 

(2) Polar vital staining, which occurred in the normal eggs, was also observed 
in the abnormally segmented eggs with brilliant green or with neutrel red. How- 
ever, different from the normal eggs, the connection between the morphological 
axis and the staining gradient could not be discerned. In the irregular-formed 
eggs, the polar staining was not or was hardly observable. 

(3) The abnormally segmented eggs can develop into normal embryos, where- 
as the irregular-formed eggs can merely proceed their cell division but cannot 


differentiate themselves morphogenetically. 
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Table 2. The coloration and intensity of silver-nitrate reaction in the nucleated 
and enucleated protoplasmic fragments cultured with the0.6 M sugar solution. 


The leaf cell of Elodea densa. 
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Fig. 1. Paper chromatograms (somewhat schematified) of the metaphos- 
phoric acid extract from Elodea densa (1), E. canadensis (2), Hydrilla 
verticillata (3), Potamogeton crispus (4), and Ceratophyllum demersum 
(5), and of the metaphosphoric acid solution only (6), pure ascorbic 
acid solution with metaphosphoric acid (7), and pure glucose solution 
(8), developed with butanol-acetic acid mixture, and sprayed with 
neutral silver reagent (1~7) and benzidin reagent (8). The spots re- 
present unknown new reductors (x, y), metaphosphoric acid (m), as- 
corbic acid (As), glucose (Gl), and originated from the solvent (s), 
respectively. 
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WRIVPThLIST 
—KptrBaltt 
Rf 0.24 OS AIENY 
KE OD AGE y be 
Rf 0.11 BIC AA 
Wig RMS 4e Bld 
ACh TA RRB 
(SCHED ze 
FEA UCD < 7 


Ry KAA RPMI |L 
SbLOCIN CG LILHDCHhS,. COBA2 ZH 
MARKO Ay POBIA HM Delete 
OAM bP OWE CRITE LHALCENRR 
FEAL LE TW DD Arh AVIV 
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CILEOARy bAMaTCHZ S DateteG ek DL 
EYRChSERE5 PRED ee FE BLS Se OSES id 
aR CWE Loo FA SEY EBIT EL OER ANIC 
BIC SAU CHAD SMGIC7EZ 2-6-dichlorphe- 
nolindophenol 7% Hits) & LEA PIE MICIE 
VVAAUHSED Aa y BOE 2 Bld LE LING 
HCO AME (LBV MET A Be ey AR 
Smeg/ce D.W. HO Few bh YF ALLER ~ HB 
Shug CRAs, Indophenol #ee7FHIT AO RE 
0.4 OW mma~ty bRBb LK. MCA 
5% 2 ZIRIATECO RRS RE 0.375 OPRIClal 
ROLOBLW2e, FE R025 OC 2 RR 
ROAR, bb LR A ABO T x 
SLE YD RE (he Fat LO BERD RE fit lt 
EF Eo CWS. CHOEOSEBE WHR 
PHIMACIC s(t SMR TCO ~Ky AT AAN 
EYRM GR EDS C LIHECHS, 

AKFE C1951) Ie KALIEFAIC E 3 Clk 3-4-dioxy- 
phenylalanine (DOPA) 2:38JGIl oF P25 TlH 


#449, Zilk potassium ferricyanide :c 
LothPGGSNSLV5, LP LH ht 
DOPA D7 usb YF EOS SE 
er anes esas 
Biri (ilc 9, Kb potassium ferricyanide 
CD BARRELS CCIE < 
RUS LitPotts FY =YR 
Haske & LOCH bn 


ferric chloride Cc44<¢ ee 
weREgey-=vRUmC 
bE BbNS. MICH = 
H! Ot Partrige-Westall tema 
DFIYE=THABRAHO 
EY RE0.08, 0.13 OA m 
y PARR BIZ Slo o > 
LL Horrock, Manning ie 


(1949) ® Benzidin Ie 
SEIT CHB AD ACM 
BaoOnz~kK, ORR Ss 
BlLwobonT, Hoc RE 
0.08 DBA its HO RIK 
DLS BZADEFERENS 

Glucose #i#HO 7uzTbh7 
5374 —-® Benzidin Wilk 


pH = 


ammoniacal 


Bot. Mag. Tokyo, Vol. 71, No. 836 61 


CRD Hldoiv, CarlePipcpheliweic LB RE 0.13 
OARS AK y bE AELMVICHEM LC IRV Z 
OIA Aik Benzidin wiaic4 ¢ Hy es 
ChOEDbEGOARY OPCS Eh MO 


D*Chdo 


& cag 

AFF C1950) (EBERLE ICO cSt fe 
WEE 2 fe LAM 7: Molisch Bo (keke ARSE IC 
BW CMEBL<, FTYE=T7HECITEIA, MING 
PC — Bk 8 aE AIRE 2 WE IC HE PB DS HE HG 
ADD AGE HEMD CAG T FF 9 MEAT SDM 
AQF GEES AO Alte CR OF, Hip teyye 
Weds AA BRIS EP SIS SOS HME Cy Ia 
EeORGG RIX Metzner (19529) ck ches 
UTS CAVE Roe a ae 
AACS SSF RIG ORACLE ASS O, BA 
(MAIO F S HETCER ATE UT %e SLD ee BUTE (E 
DF VYE=T7PEBARICH Chet BLVD, Wester 
DARIEN A cae tay Molisch Boys Aiki ue 
ATS bk, MRA ae aa > hy TEGEAROD 
fi TET Dae a eee ae PELE, TY 
re Cains setae pore. 
Hs | Z JAW HS TC Hz & HUM AY S de O MEL -C 


in chloroplast 


7 


so-called 
Molisch’s reaction 


~ 


_ 
Se ee ae ee ee ce 


eunauaes SeeGeaeeeRPiadcaeaanau 


in vacuole and 
cytoplasm 


neutral acidic 
Cs 3 


ACIDITY 


Fig. 2. Experimential diagram showing the relation between 
reaction intensity in chloroplast or in vacuole and cytoplasm 
and acidity of silver reagent. 

—: Heat treatment. 


Rf 0.15 OB LORRHS ---: Soaking treatment only. 
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HAPEIZ $3 CH CISL 5 CHS. (Fig. 2) 
Ft © FBI (1952)17) (KALE EC LABEL & 0 FPREIC 
YW L ORG RN AR 5 SHRILCIOS 
AVEO hte LD SAIC PAID A iH BAL 
Do (MIVOMB AIK 4 WBBFIC Fst SD WANA ESL 
poiceeA & Be HEU Cc 3s BF, Gautheret 
(1938), Mirimanoff (1938)10 4% 4, tai LC 
BL RIHLOAMREEEC OYRAODF US MHDS 
7AM, Ney 

fag Molisch PCUONTHER AIC tt STC 
ADM LS LOIXROEGICIL, AF C9 
50)? (LE ORIEL D FERRIC OV CH D EER 
ips SiC Att LAT OMIA AC 
TALC AED CHo TC, TRAD A CILIRTCH 
BRAS RMN AEIC ks CREGSHN CHS 4G 
DCiHS> mL, PHBA ¢ RI ERIE 
SLCAPOMEMAK LORBEBZCWS 
Caruso (1938)!D, Savelli and Caruso (1938, 
1939)!2), Danielli (1953)13) 9 4 RICHELLE 
RRND Jey FE Fe BET LACIE (tft tc 4 BEL 
Dik SHR RELTC OSD. Hofler (1939)! 47, 
IMI CRAIC LO DNC, aE 
(ARETEIUA Bld SBR ECD, WES KA 
MANOS HS C % AE OME PERE ee 
RIGOR eHICL, TY E= 7THECIE—RIC 
Ce ea et ae 
LOO (LIES % ASIC REE Cd STL DMR 
ee LOTR ARIOD EE Ah OCHA 

» Hee MRA Cit: UAT, MIAO 

Nye Wa 4G, MACRO AHL <<, Je Bh BE 
CEs ChAT TRV FERRO PSEA EDS GL BFL 
Wit nin meget. 
TUE DS SAV Ze FRENCH AFD Te CSE AR 
ORRIN REE EPTLOG, FUG HSK 
Cis} SiR TCDA ORE RUSS LOGIE 
72 ¢, PICEA CWA ALT LA RL O A 
PAC RIC DML CFE LEW SEL OLEZS 
IUD Bigg Des 

Molisch KUISOHRS LCA SAH EOBIRIZO 
VC Héfler (1939)19 (FR pEIC BAS Bare a 
L, ASF C1950 ), 1953 16) (XT PEMIBE Kae 
BALAN EBV LEE LEE Z BD EERO 
TEX %OCUE IKE E URS HAR LUSH 
—ASE* BE 195210, SOC CARA 


8 71% 8 836 & 


Hf 33 4F 2 A 


Pe OBESE EAILO VAD FBS DIALED UY 
FLVMBMHNRLO GCS, MIOLALER SK 
Wo CHULMIE ORS De LAMIKO HGRAO 
vital activity 1c, k OPA peTeEPIHEe 4 Clo 
ZHBRRETZLOG, CASA, HGRA D 
LAME EO HTL HE AY TR LD CHA} 0 
Molisch (1918)3), Geitler (1922)18) “¢(2BEIC = 
DALISA AM DALFE BUA Fl FG & SSPLIEA 
L, EB © AKF-:(1953 19, 1954 20) (APR ANIAO 
HVE, PERMEATED TEKS C bh 
HeRLEOC OEE COBRA BY 6H, 
vital activity DIG FIDLAUCRISOMS (LI 
59 Led AND HE & CUZ PR OIL E ATIC SC 
SoC 4h ATE MANNE HT SLI DICER 
MoScTEBCAS, MEATS MAEM 
LE < ACK eA TITRE AGE (1950) % 
HG LC SH2 oO CELMRAREPATHETOS 
DE ARID vital activity OD[G FILED Lo 
ChEBRRLTWO4SS 

Szent-Gyérgyi (1928) Lise Giroud-Leblond 
(1934)2l), Bourne (1936)22), Weier (1938 )23) 
SEL OMA ¢ OM L 0 MSRM Als Tr A 
ALEYRCHACLEAREt SH, AS - BE 
(1950 7), 51 5), 52.17), 53 16) (kHIC Pee hYF 
74 “(OX OPERANDS ie Ll, BBA SSH 
WDA te oF HHMI RIO THET ABNEY HBAS 
FH ORM ITAA CH SHRM DIC LK. Le Lia 
DFR 5 TC fe SIVA COE 
La ¢ Bo RRREAL, BHbhe tees x 
By b (LER ICIS Cb os HED MICK LT 
FAANYEYROAR, b LIS HY, Htc 
DOPA -G4ie< #Y¥=YRMRCLR<K RBH 
PEGS oko in vitro CNEF NERO SER 
HLF AANEYRILT vy = = THERA LC 
AO BURICHEIET SC LRARL, AGE (195D5 
b7ABhIAFI 4 —CFYH=T REMEDY Vv 
F7 = 7 -AGSRICOVV CHR FASE YR 
Ri LSA L, Rr azsaney BON 
HLIPRIAK, RY ay, BHM ZOAR 
»y bBHdNSZHL oR, ChoettAcsr 
YEA THEME COARIN SA, WERE CIE 
ISLISPoKk E54, SHIM LEOBART 
= 7HE, HIRE, MHEODN-c ORBRIC RIS LB 
HE iS HL OBESE IC HITS EOL Boe 
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BMOWA CHS &BbinS. Rf 0.08 Ry 0.13 
DES AT (LAANAL % 5D PT TAB URL eI BV 
ARERR CH 5, PMNCKEL CILEERY & 
LOA SIRROFER MEEPS SRILT zane 
nee LOW SAIC H(t Hee AY C95 < Sti 
o RE 0.13 O2a#y b(t E. canadensis, Cera- 

pom sine von RBA L O are oy 
Redd > CHKRIE CHIE ESC, MO RRELTE 
BUMRLDOCHSL ie DG ee ace, 
AANA S MAME CS Bot 
2s, WSK AS aes ide 
FD BD SNSMANMWUOF LUE AR 
SIC OETRLVRODHIIS < B2okyeo 
FFE RAR LESILEBICHL ES, 

Giroud-Leblond #:(k7 A232 nr UY ROME 
SARHEL LUCILMF L4 LORRERVU BE 
BEAM 4S-C TESTE Mirimanoff (1938)24), 
PIR * Hk (1947), WES + Fi (1950), 
U Danielli (1953) #\c k ,c#eah, VKH 
ks CITEROFEDSL < RIK FBS OS 

Dia - BBW (1952)1) [ZC kacHMMeahrko 
U7 HEPAT de CIE LIDDORRBRA7 A2nE 
YELNOMRIC Lo RSV ADICL, MBO 
pH, (MAO RMR IC EAROERDOEL 
Vo AMES cD HUE AAI ERE EL 
TYCOBACHMAILT zZA2neY ROPER 
UtOMEEZAT LO LILES OWNS, BDF 
BmWeEeCia kL OLD ECMERABA MHL S 
it Dues OOS 

B2r Zt, AB ULM CO RIL DIBR 
(HD C BHECG > CAFE AID SR te < 
2ChAZA, Weier (1938)8 Ic Lbmitrcisit 
THEMAA BALAN CRENRKH Pb Cha 
C, BGO t SAF PF CISEMIGS 4 IDO 
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SETBDOSBKLS 5. COBSREMEL TZ 
RNR A AELES FUE TS OIRTCRE PD lt Ee HS 
Lo th FPTbhFF7 4 HUB CHD 
TOA AREF SIVCWPED, 2 RVEMBMRHAIT IsV>T 
WT S FUP CAND C & DABS FC IESE IC BLUSE 
KN, ACRUIS X ZUR TRH CREE BIE GC 
STM EL CH 5 OPRAH 
L, FERRERS RE E Tes Fe AOAC Be ae 
BILE GIST 6 2 URIBE A REA SC 
HOD, KE RASTA $v a 
COAT AILRIE(LSNCWOSET, 
eek aioe ene 
CRAY ARMAS TCL oC LV EE bNZOIH 
EE PICS C4 <¢ [A DORE b HM BILIEVYO 
(LAWS CDQ in vivo 3s TlE “EXCH” 
E45 ADHERED MEILD CE ly B hr, 
BIS TCE A BAL A RIK kb RIEL 
AUT (EV TC % FEBOMIGIT (SECIS & BLUES ZAELEDE 
HEF ZDGHA4 DLEELBAA 6S, E. cana- 
densis D A XNA REE EVEURIC AEF Ee 
wi PLRCCABL<I ASL, HBO 
HEZeC-E LL, 4GEICT ABNEY RCO in vitro O 
EF NVAMICB CH ONL 5 HRTTOAL 
Uh BUS HD DINE oto C OWUMLAH ° B 
12 (19521) AKUE FUER OWE CHS LT 
AID EFAML CWS. FELT hKV F741 — CH 
PAS HAUIEH VAM BES th, BEG SERIE 
HEPA IC HIF bILSO & FE < HAMAS SAKIC L 
DRKED AK y bRIEF ADP AME L 
See Reset ene bare 
CHALE SIL ire 

Phi ere ones SWRA AB FH 
HAS tb srAdz, FA 2 MELA Fil) Se es BAZ 
Hm Let Do 


Summary 


Several studies on the silver-nitrate reduction in the cells of five species of the 


submerged plants were carried out. 


1. The reduction occurred as in the land plants, but the specific blackening of 
chloroplast (so-called “ Molisch’s reaction ”) was most typical when the material 


was heated with neutral silver reagent. 


2. The light and dark conditions in procedure had no influence on the occurrence 


of reduction. 
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3. The speeific blackening of chloroplast does not always indicate the localiza- 
tion of the reducing agent init. It is due to the secondary deposition of reduced 
silver on chloroplast, and the agent is rather contained diffusely through the vacuole 
and cytoplasm. 

4. The parallelism between the reaction intensity of chloroplast and the starch 
and chlorophyll contents was not always absolute, but it was connected rather more 
closely with the vital activity of cell and chloroplast. 

5. The trials of detection of reducing substances by means of the chromato- 
graphy showed the silver reducing spots in the position of Rf 0.08 in all cases and 
also of 0.13 in a few cases. ‘These spots were not ascorbic acid, DOPA, reducing 
sugar, tannin nor flavonoid etc. For the extraction of these substances the presence 
of metaphosphoric acid was necessarily required as a stabilizer. The identification 
of these substances is as yet remained unsettled. 

6. It must be considered, from these facts, that the Giroud-Leblond’s procedure 
or silver-nitrate reagent are not always sufficiently specific in all cases for ascorbic 
acid in the cytochemical use. 


Literatures 


1) Szent-Gyérgyi, A., Biochem. J. 2: 1387 (1928). 2) Giroud, A. and Leblond, C.P., Biol. Ztbl. 
Di GbBN C937). 3) Molisch, H., Sitz. berich. d. kais. Akad. wiss. i. Wien. Abt. 1. 127 (1918). 
4) Yoshida, Y., J. Fac. Sci. Niigata Univ. Ser, II]. 2: 73 (1955). 5) Nagai, S., J. Inst. Polytech. 
Osaka City Univ. 2: Ser. D. 1 (1951). 6) Kuwada, S., Chromatography, Tokyo(1951). 7) Nagai, 
S., J. Inst. Polytech. Osaka City Univ. 1: Sar. D. 33 (1950). 9) Metzner, H., Protoplasma 41: 
129*C1952)). 9) Gautheret, R., C.r. Akad. Sci. Paris. 198: 1252 (1938). 10) Mirimanoff, 
A., Rev. gen. Bot. 50: 333 (1938). 11) Caruso, C., Protoplasma 30: 341, 481, 31: 98, 489 (1938). 
12) Savelli, R. and Caruso C., ibid. 32: 397 (1938), 32: 517 (1939). 13) Danielli, J.F., Cyto- 
chemistry, New York (1953). 14) Hofler, R., Protoplasma $3: 258 (1939). 15) Nagai, S., 
Bot. Mag. Tokyo 63: 250 (1950). 16)) ———_—,, Jv Inst. Polytech, “Osaka City Unive 435 ser. 
D271 1953): 17) Nagai, S. and Ogata, E., ibid. 3: Ser. D. 46 (1952). 18) Geitler, L., 
Oster. Bot. Zts. 71: 116 (1922). 19) Ogata, E. and Nagai, S., Bull. Jap. Soc. Sci. Fisher. 19: 
1750 (1953). 20) and , Physiology and Ecology 6: 10 (1954). 21) Giroud, 
A. and Leblond, C.P., C. r. Soc. Biol. 115: 705, 841 (1934). 22) Bourne, G., Anat. Rec. 66: 
369 (1936). 23) Weier, E., Amer. J. Bot. 25: 501 (1938). 24) Mirimanoff, A., Rev. Cytol. 
Cytophysiol. Veget. 3: 119 (1938). 25) Shinke, N. and Shigenaga, M., Rep. 74 Div. Sci. Counsil 
(1947). 26) lijima, M. and Hiraoka, T., Bot. Mag. Tokyo 63: 278 (1950). 


hii fa 8 diploidisation 


IC lt SK © FF Wi) 


ll MeGrnWed+ oye 


Kit 


— KK 


a) 


Katsuji Kimura**: Nuclear Behaviour in the Diploidisation of the Hymenomycetous 
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Buller (1931) (% Coprinus lagopus (PURRKE) 
2A» C® diploidisation OHO, ABx 
(AB+ab) DL} MAEM ADE CHER LE 
tHE RO 2 KO, ab 72a) AB ABBE 
REAR LEM SBAT SL OCHhAS LX 
Cis), COPE Quintaniiha (1933, 1939) s¢ 
D3t§ RB. Fi, Dickson (1934~1936) (+ 
Coprinus sphaerosporus( — fate), C. macrorhizus 
CPURREE) -G diploidisation DEER AW, BA 
BAe AMICOOCKRRER COMBHEMA 
eA ctassmicors waeetxcnann 
AmOPeE ILE LEbDN>HRRERAB CE 
), Quintanilha (1939) 4 C. fimetarius (PUR: 
HE) KAU COMGHEMADtEOZERGC, MRO 
HER LEC WS. BH (1957a) (ZRMIAE 
MADtORROHC, MAHEMADGICIsloT 
4 2EARBATS LW FRM eIOBKo 

2 (1957 a,b, 1958) (IC AMA, We 
PIED ES SOMAHBVICHWT 4 2KiLBAT 
Z*DCHSCERREWLED, EMO KER EH 
PboHELTC, MAHEMADtICeW TLE, 2 
KILETIF S40 E{GbND. UML, CHHO 
2 ART RRL, OTH SAIC HE 
bDCHY, COMGIEBICD<, MAEM AD 
PIC ISIS S ZAI ERENT SICEY LS AID 
t£4F26NS4, TOCHHLMALHMADYE 
GC, 2BIRARTE RAAB ONSEA, 
AO SBRICBBED COLTRRMLELZIA, 
EF AMWRBLBRLBbNSEb, CHK, 
DEwDTEELCARRMET So 


2) # 

AR ICI YY YY & ba Coprinus macro- 
rhizus Rea f. microsporus Hongo (fUfmE) 
Vi oc, de OG =ateeatile., Gaus 
GR sales AA nla DLT (LBEROK 


ZN 


SEERA HR tt oR 


ID Riperz it ait > CHIGHEMG Iw AB x 
(AB+ab) #415 Tit, KARO RBI Hp 
AMAA AD? AB+ab Ch 5Th, FO AB h¥ 
(SERRE LAH DBI UCHR 4LOD, M 

WILKMRAKO LODORAMEOD IV. ho 
«4, Dickson DBAO Lb, EbbMO AB 
Iie RARER ko CECE SBA CERMLC 
IHL, TOKMlEO< 2D, ZBHOBRETO 
L>}RBREESC EA CRE PohRMb, AM 
EDS Fe RICH S 2RMRMADELCARL 
tio Pith b, AaBb & Ala'B'b! D 2 RKO 
AB t&& A'B! KEAMALTCHURFRADD 
Mia THeH eA, AB, A’B!, AB’, A'B OW> 
DASH OPA RIO MARRS ab Ke AB! h% 
tBMALTCECRFRAMS ab, AB, aB', 
Alb DARMOWE. CIB OBA t 
AaBb AKO RGA AB, ab, Ab, aB #)Ji\v, 
2 BT AT HERDS ILS © LAP SNS 
“5 RRIGHEM A ot REA Ro 

SlROMAD LANE No. 1~16 lk, Ale 
ROL 5 HEC HCILES4LODCHS, tihkb 


* RY ACHEESSRAE EA HPOTERE SSE No. 62, BPPUISER GRE 407097) Io k SMO — TM 
ee ft | AE ED Ass ~=Department of Biology, Faculty of Science, Okayama University, 


Okayama, Japan. 
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M196 MAKEN AdDwIc kS diploidisation (1) 


xe H ol eo HH A OK He 
" M Gb # ee  X 4, X ava XV X,Y 
a, Ent 
1 AB x (A!B/ + Ab) ff d,d O x x 
2 AB x (A'B’+aB) f / ©) Ss es 
3 | AB!x(A’B+Ab) / x x x O 
4 | AIBx(ABl+aB) “(OO,OOO)| *, OF ) ; 
5 AB x (ab+ AB’) x x x O x 
6 AB x (ab+ A’'B) x x x © O 
Hi Ab x (aB+ AB’) x f x @ O 
8 aB x (Ab+A’B) oO / O O 
9 ab x (A!B! + Ab) x / x, xX O Ox+nx 
10 | abx(A!B!+aB) x / arn x x OOO 
11 aB! x (A'b+aB) s / Bn OX x © 
12 A!b x (aB! + Ab) @ / Nae ee x @) 
3 ab x (AB+aB’) © / SCC © @) 
14 ab x (AB+A!b) x / x, X x QOO 
15 Ab x (aB+ A!b) x x Satu”: s S 
16 aB x (Ab+aB’) x x Se * xxx 
iy AB! x (ab+ AB) / if x x @@ 
18 A!'B x (ab+ AB) See eae x x x xxx 
19 AB! x (A'b+ AB) x Vf x x @ 
20 A!B x (aB'+ AB) Sa) s x x Be x 
21 aB! x (AB+ab) Ss, Ss, Ss x @ x O 
De, A’b x (AB+ab) x s x x O 
23 aB! x (A!B+ab) Sses x x x x 
24 A!b x (AB! +ab) Be © x x © 
OFM TBE L tA RO 2 BASAL, 2 KET REIT SRA ONRBA 


XFU(LAPAEROME, FELL EMM AKO OMGHEDREDMGALKES 


FDILABIROK &, PEEL ARO OD AR AHED EK & CHR RE EA 


* EULER L MAO 2 MO Bea (AssHIS bo CEC RRA ARBOR LMALEBS 
d(s#HADte UC LAMB OARRICMH AAA bt KBs 

f (SHB CHE LCF RADVYEC RDO RBA 

S(LFRASEC Ch FA CE Ro RBA 
/ FNL Ade eT Ds 5 RBA 
fe] — RABIC Bln RA 2 Tbk COP LEBAIL, FORE R LC 


TYR-F7FAYVRSOR, A—-OMGH+eTAMRIK 2A RKASE 
ay veitheo HA2 KHOWGC, FE) 


HO Favz AlalBlb! & Uteo 


>= 
cad 


B, WPROMADBCBWCh, BML 
AAD 2KOM, KAHOKMLEMAGCSAZAHOWK 
ILAMRMOK LAUFER AD SHAKEEL OCH 
D, WE-DOMEA CE EV HOKAKAHOK 
tILRROFRADBD/ECKELO CHS, 


Alt, SAO HNC 


LERMOLMAHERS 2% AaBb, ICAL 


#4 (LBA (1957 b, 1958) CABO 2 KoMes 
cit A, BOAMAHAF ON, MAORS # 
EAT REAL SMARTS OL EMEL, HA 
CSS 2BVONMOBE ALF OBRAKSVE, FE 
FEDGR<, ERMMALEMAbwICKSD diploi- 
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disation (3s\+C(k, BAR LEMME AO 2 KO 
HA, KAROKL BEAT ORAAS VT aiRe 
KARO B ASS = LHL. 

SL, COMMZIELW ZBI, No. 1~16 0 
MAD CROCS LAU SUS. PIX No. 
1® ABx(A’B’+Ab) Git, AB {&& A'B 
KILO AB, A’'B! ® 2 AAR, WHC SY 
LCTEUCE4DCHhS4b, BER CK 1957 b, 
1958) DL 4 CMA OBA ORCI REDE 
fEL, Eo AB, A'B! HID RARFORIt 
AB, Ab fxjZit A'B!, Ab fIOZIrK D&S 
WES 21S. MK, LLOOMAHEC 
KARO ABKLMA CES AB KitDRO 
ct, ABRLMA CSV Al RECLAME 
PRB TITS > OD CHSR5, AB KMITWLT 
A'B! & LO &LREAFOBOKE Ab KOH 
aH < fEA CAB AROSDHICETSCHS5.6 
Li>LAB, Ab OMKIMA CHR Ab, 2K 
(LEMAR RPEST ICE CHATS AB! ke 
fib A'B! BRA RO SMITE LED AB, 
Ab, A'B! DD 2 AMA LC HDC BHAA 
DEF SR, COBRA, BRAFOAMKSV 
fhdonS Ab & A'B! D2GAKABO ABE 
RELEWCHMATSZ CHS 5 Db, MAKMA 
DACs S 2 BARAT ZEHAROW 
CHARA 4 CS. 

LL, COMBAT LE CHAEAAS—-Ob 
Do BER OK 1957b, 3H) OMG! 
Bb, PAIL ABx(ab+A/B’) Cit AB, ab 
HoeBAFOZOAA: AB, A'B! oOtnL 
0D 4KEWVYAUS<, TEs ab YoOHAH< 
JELPBAMAOLMUERA, GEOMAKHAD 
ar, PZ ABx(A'B’+Ab) “Clk Ab HOH 
wi AB LOOMS HUBAMAW EW bit 
EDR fA ENE, AD RE ABBR 
HELEFEATARSA, MAHA O A 
ICI LC itH Ch ODb, RHAFOGTPA A 
AFL BML COSYAIL TNOEORAAFIC 
BAL cik Ab, AB OMiKiti— clk 2VET 
4, WMA OMI MICIHEA ET 4 DL BX 
BND. fot Ab, AB MRHOREAF OA 
it, COnyvF 4 Fey FlCLoct, LMOMM 


AVEDBA®.ab, ABIMOBIZEKS (EVGA 


BAZ V.Irb, Ab, AB ID UAS AB, A'B! 


Bot. Mag. Tokyo, Vol. 71, No. 836 67 


HOE O&KIVBABH OFS U5 BIT 
ROCHA 6 

1D No. 17~24 OMAEML Adare No 
1~16 DEMELY LMS ERIC L, HI ZIF No. 
17 AB! x(ab+ AB) Git AB’, ab % 2 fKit 
AWNCHRLEFRARRICT HS. LOL, Ud 
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Summary 


To prove the two-nuclear migration from the diploid inoculum into the large 
haploid mycelium in the diploidisation by the compatible diploid mycelium, the ex- 
periment was performed, using Coprinus macrorhizus f. microsporus. 

The legitimate combinations, e.g. AB’ x (A’B+ Ab) in which the nuclei AB’ and 
A’B derived from the same fruit-body and the nucleus Ab derived from a different 
one, were made. In some of these combinations, the nucleus Ab advanced more rapidly 
than A’B; and, when the nucleus A’B arrived late at the terminal cell of the 
haplont AB’, conjugation occurred between the nuclei Ab and A’B. 

The above results may be explicable from the assumption that the speed of 
nuclear migration and the conjugation affinity between two compatible nuclei are 
controlled by the modifiers. 
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Masao KuMAzAWA*: Vascular Connection of the Axillary Shoot and the Adventitious 


Root with Their Mother Axis. 
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Fig. 1. Transections at various levels of the culm, beginning with the base of an 
axillary shoot (1), through the node and ending below the node (7). 1: left half of 
the figure, the mother axis (culm); and right half, the base of axillary shoot (shank). 
Compound bundles (inner system), situated at the side facing the axillary shoot, 
in 1 are shown in black. Trace bundles from the subtending leaf are shaded in 5, 
and the horizontal nodal plexus stippled. x : angle bundles. 
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Fig. 2. Diagrams showing the vascular connections of the axillary 
shoot (1 and 2) and the fused base of paired spikelets (3 and 4) with 
their mother axis. Vascular connections of outer and inner systems are 
shown in separate figures. The base of the lateral organ is shown as a 
cut end, the compound bundles in black. Horizontal nodal bundles are 
not shown except at the part indicated by n. L and 1; large and small 
trace strands from the subtending leaf; the former follow inward courses 
and the position of entrance alone is shown here. X: angle bundles. 
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Fig. 3. Transections of a part of the culm at various Tevet from above to 
below, showing the vascular connection of the adventitious root with the stem. 
The base of adventitious root (r) is longitudinarily cut in the last figure (4). 
Vascular bundles or procambial strands stippled. The fibrous sheaths of 
compound bundles (inner system) shown in black, thos2 of other vertical 
bundles in white, those of horizontal bundles not figured. 


Summary 


The procambial strands, initiated at the base of the axillary bud, elongate 
basipetally and are connected with those of the mother axis. A few branch traces 
follow the horizontal courses at the node, or become blended with the nodal plexus, 
and thus their further accurate behaviours are difficult to trace. The nodal plexus 
is of the secondary origin in the histogenesis, and if those branch traces are left 
out of consideration, most of the trace strands from the axillary bud are connected, 
as a rule, with the vertical bundles of the mother axis at the node; i.e. the outer- 
most peripheral (outer) and compound (inner) bundles of the axillary bud are con- 
nected respectively with outer and inner axial bundles situated at the side facing 
the axillary bud. A few branch traces pass through the node downwards without 
being connected with any bundle of the mother axis. In the case of the developed 
axillary shoot, some branch traces seem to pass across the centre of the mother 
axis and join directly with the axial peripheral bundles, situated at the side opposite 
to the axillary shoot. As such a behaviour of branch traces is not confirmed in the 
early stage of the bud, it is interpreted as a secondary modification caused by the 
predominant development of one of the nodal horizontal strands which are initiated 
between some branch traces and vertical axial bundles. The pattern of the vascular 
connection of the axillary shoot with its mother axis will be discussed in the 


following paper of this series. 
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Before the intercalary elongation of the shoot takes place, an arc of meristema- 
tic tissue becomes initiated closely attaching to the outermost peripheral procambial 
strands of the stem, and later it develops into a dome-shape. From the summit of 
the dome the adventitious root apex is initiated, and then some horizontal procambial 
strands are differentiated between several points of the dome base and its adjacent 
compound procambial strands of the stem; thus the vascular connection of the 
stem with adventitious root is established. The horizontal strands above mentioned 
usually elongate more deeply towards the centre of the stem, but they are not con- 


nected there with any of vertical axial bundles. 


5| AM 
1) Kumazawa, M., Bot. Mag. Tokyo 53: 495 (1939). 2 aCe ya O lo A cla) 
5)) — =, ibid. 54> 493-1640): A) ery Moyle aye ys} (Ce 5) ————. ibid. 
59: 42 (1946). 6) Laubengayer, R.A., Jour. Bot. 83: 7a (1946). 7) erie 
Missouri Bot. Gard. 35: 337 (1948). 3) ——— =, Amer) Jour Bot. obi) 236 C949): 9) 
Ledin, R.B., ibid. 41: 11 (1954). 10) Reeves, R.G., Bot Gaz. 107: 425 (1946). 1 
Amer. Jour. Bot. 37: 697 (1950). 12) SS ibid# 40266701953): ABD) Siszhannkhn, 1bXe. 
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Physiological Studies on a Thermophilic Blue Green Alga, 
Cyanidium caldarium GEITLER* 


by Ikujir6 Fukupa** 


RAAB: TR REBE I, 4 2 2 A OATES HESE* 


Received November 4, 1957 


Introduction 


The unicellular blue green alga, Cyanidiwm caldariwm GrirtER, represents one of 
the thermophilic forms of Cyanophyceae of wide distribution, often showing luxuriant 
growth in various hot springs in this country 
(Negoro 1944). The organism is remarka- 
ble also in its acidophilic nature, tolerating 
even an acidity as extreme as pH 2.0 in its 
natural habitat. Because of these natures, 
it can be isolated relatively easily from 
other microorganisms. Although it grows 
rather slowly under experimental conditions, 
its nature of growing uniformly in liquid 


media makes it suitable as the material of 


physiological studies. pmmmnleee - erm “re : 

Ae he eff iF Fig. 1. Cyanidium caldarium GEITLER. 

In the present study, the effect of some Two week old culture: Stained with 
environmental factors upon the growth and carbol-fuchsin. 


physiological activities of this organism were investigated. 


Materials and Methods 


Isolation of the organism The strain of Cyanidium caldarium Grirurr used in the 
present study was obtained from Yumoto-Spa, Nikko, Province of Shimotsuke and isolated 
free from bacterial contaminations by the following procedures. 

Silica-gel plates Silica-gel was prepared after Fuhrmann’s method with a modifica- 
tion of using sulfuric acid instead of hydrochloric acid. Solid medium for the isolation 
of the organism was made by adding sulfuric acid and other basal inorganic ingredients 


(see later) to the silica-gel thus prepared. 


* Part of present work was read before the 21st General Meeting of Botanical Society of 
Japan at Sapporo, 1956. The research work was supported by the grant in aid of Scientific 
Researches from Ministry of Education. 

** Botanical Institute, Faculty of Science, University of Tokyo, Tokyo, Japan. RRA{AH ys 
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Isolation After repeated transfers on the surface of silica-gel plates, the subcultures 
were still found to include contaminations of certain aerobic bacteria. With the purpose 
of getting rid of these contaminants, successive subculturing under anaerobic condition 
(N»: 80, COs: 20) and another subsequent culture through a liquid medium containing 
a sublethal dosis of streptomycin (0.1 to 0.5 mg./ml) 
were carried out. The subsequent inoculation on 
a silica-gel plate gave rise to a culture of the alga 
successfully freed from any contamination. Purity 
of the culture from the contaminants was tested by 
microscopic examination, and by inoculation on an 
ordinary nutrient agar containing peptone-broth or 
yeast extract. Throughout these procedures, cul- 
tures were continuously illuminated with the light 
from a incandescent lamp (intensity of illumination: 
can 000 Miia): 


Culture in liquid medium The organism was 


grown in a cotton plugged flask (Fig. 2) on an in- 


organic medium of the following composition, under 

Fig. 2. Culture device. continuous agitation of the culture by bubbling with 
air containing 5% CO». The intensity of illumination was about 10,000 Lux; tempera- 
ture of water bath was kept at 45°. 


Composition of culture medium 


Ca(NO3)2 0.52. 
KH2PO, 0.2 g. 
MgSO,-7H20 O28. 
FeCl trace 
H2SO, (1N) 10 ml 
Distilled water...... up to 1,000 ml 
Gah e)) 


Growth was measured with aliquots of the culture sampled at intervals by means 
of a syringe as illustrated in Figure 2. Electro-photometric readings were converted into 
figures in dry weight (mg./ml), packed volume Cml/1), or algal cell number (N/ml), 
with the use of respective standard curves obtained through preliminary experiments. 

Metabolic activities were determined with algal cells harvested and washed three 
times with hot, distilled water (45°) on a centrifuge, and resuspended in a citrate-phos- 
sphate buffer (pH 3.0, M/10). Usually 14 day old culture of the alga was used when 
not otherwise stated. The rate of gas exchange was measured with a Warburg mano- 
meter usually at 45°, with 10 to 20 ml of suspension containing about 50 or 100 mg. 
dry weight of algal cells. The use of the bicarbonate buffer ordinarily in use in the 
measurement of photosynthetic activity was impracticable because of high temperature 
and extreme acidity of the medium used in the present study. We worked therefore 
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mostly with the indirect method of Warburg, taking the readings with 10 ml of the 
suspensicn in one cup, and 20 ml of it in another cup of the manometer. Sometimes 
the usual approximation method was also adopted, in which the difference between the 
gas exchanges observed in the dark and in the light was taken as the measure for 
photosynthetic activity. 


Results and Discussion 


Effect of the hydrogen ion ccncentration on growth rate The growth of the or- 
ganism was found to be remarkably dependent on high acidity of the medium. One set 


of the representative 


results of the growth pH 2.0 

E: a O O 
experiments is shown 0.8 O © 
ale : pH 3.0 
in Figure 3. Maximal x 
growth was obtained = on pH4.0- 
with an initial pH of 3 
the medium as low as ii 

: Dug = 04 
2.0. With an intial pH = pH 5.0 
of 4.0 the growth was 2 - 
© O 
much. slower. At pH 0.2 ‘; o_ pH 6.0 
5.0 there was a marked EE: = 2 O < 
inhibition of growth. aia 2 Oe 
With this and with still a 8 12 16 20 
2 DAYS 

lower level of hydrogen Fig. 3. Time course of growth of Cyanidium caldarium 
ion concentration, there GEITLER with varied initial pH of the medium. 


appeared indications of (Temperature of incubation: 45°). 


injurious effect, the inoculated algal cells being decolorized after a few days. 

From the results of the experiments in which sulfuric acid of the growth medium 
(see above) was replaced by hydrochloric acid, it was revealed that the high acidity, 
not necessarily the presence of sulfuric acid, was the requirement for the favorable 
growth of the organism.* 

Effects of environmental conditions on photosynthetic and respiratory activities 
The rates of photosynthesis and respiration are shown in Figure 4 as functions of hy- 
drogen ion concentration of the reaction medium. The experiment was carried out with 
two week-old culture of the alga, grown in a medium with an intial pH of 3.0. The 
washed cells were suspended in a series of citrate-phosphate buffers of pH 2, 3, 4, and 
5 and the activities were measured as described above. The maximum velocity of 
photosynthesis at an acidity as extreme as pH 3.0 was noticed.. The respiratory activity 
as measured by the rate of oxygen-uptake in the presence of citric acid as one of the 
buffering substances, was also found to be maximal around pH 3. All the following 


* It was noticed that during the culture the pH of the culture medium was shifted to- 
wards neutrality. The shift, however, did rarely amount to 0,8 unit of pH. 
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—o— PHOTOSYNTHESIS 
—®—RESPIRATION 


2.0 3.0 4.0 bio 
pH 
Fig. 4. Rates of photosynthesis and respiration 
of Cyanidium caldarium GEITLER, as influenced 
by pH of the reaction medium. (Temperature: 
45°, Intensity of illumination: 10,000 Lux, 
Partial pressure of CQO, in air: 5%, in photo- 
synthetic experiments). 
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measurements of the meta- 
bolic activities, therefore, 
were run at pH 3.0. 
Changes in metabolic 
activities during the course 
of culture The changes in 
respiratory and photosyn- 
thetic activities of the organ- 
ism during the course of 
culture are shown in Figure 
5. Both-activities are pre- 
sented as the respective 
gas-exchange per unit wei- 
ght of algal cell (ml/g./ 
hr.), and compared with 
the growth curve of the 
culture, from which the 
samples were taken at 4 
days’ intervals to be inves- 
tigated as described above. 


From the results shown in the figure, it will be noticed that the photosynthetic activity 


of the organism was subject to a sudden and significant drop at a point when the sta- 


tionary stage of the growth curve was reached. Actually, this stage of culture was 


reached usually after about two weeks of growth, when the cells were harvested and 


used for the studies. The respiratory activity also changed, but in the reverse sense: 


0.0 


= =iRESPIRATION 
emmmms PHOTOSYNTHESIS 
—O— GROWTH (mg/ml) 


30 


20 


(ay/E& /\W) ALIAILOY OIN08VL3W 


4 8 


q | ; 
O 
12 \6 20 24 


DAYS 


Fig. 5. Metabolic activities of Cyanidium caldarium GEITLER, at 
different stages of culture (Both at pH 3.0, 45°, Conditions 
of measurements: the same as given in Fig. 4), 
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Fig. 6. Photosynthetic and respiratory quotients of Cyanidium caldarium 
GEITLER, at various stages of culture (replotted from the data in 
Fis. 5). 


the rate (per unit algal mass) was larger in earlier stages of growth, and reached a 
minimum at the beginning of the stationary stage of growth, to increase with the 
further age of the culture. There were also certain changes in respect to the values 
of photosynthetic and respiratory quotients with the age of culture (Figure6). At the 
stage of culture at which most of the test materials were harvested, (i.e. at 12 to 14 
days of culture), the cells were obtained with levels of respiratory and photosynthetic 
quotients both around 1.3. 

Effect of carbon dioxide concentration and light intensity on the rate of photosyn- 
thesis The rate of photosynthesis was measured at 45° (pH 3.0) under varied CO, 
partial pressure and under varied intensities of light. The light intensity was measured 
immediately at the bottom of manometer flasks with a Matsuda Lux Meter. (Figures 7 and 
8). Characteristic figures in respect to CO2-partial pressure were found to be as follows: 


ol 
(e) 


Fig. 7. Rate of photo- 
synthesis of Cyanidium 
caldarium GEITLER, as 
influenced by carbon 
dioxide concentration 
(pH 3.0, 45°). 


1) W ~ 
oO re) fo) 


PHOTOSYNTHESIS ( ml/ g/hr ) 
Oo 


Oo pal 3 5 yo 10 
COg- CONCENTRATION (%) * 


84 i wy S we He TLR 887 Se Maan 33 4E 3H 


Half-saturating Saturating | Light Intensity 
CO,-concentration CO,-concentration 

1.2x10-4 mol/1 ca. 6x 10-4 mol /1 10% Lax 

(0.6% in air) (ca. 3% in air) 

8x 10-5 mol/1 ca. 4x10-!4 mol/1 (On Tes 


(0.4% in air) (ca. 29% in air) 


210-4 mol/1 103 Lux 
(ca. 1% in air) 


(pH 3.0, temperature 45°) 


These figures are remarkably higher than those reported in the case of the green 
alga, Chlorella vulgaris (Warburg, 1919, 1920). 


Ba este aye Se 2 ing * ° 
Half-saturating . Saturating | Lieet tener? 
CO,-concentration CO,-concentration 


a a ——— | 
2.6x10-§ mol/l 9.1x10-5 mol/1 | 10! Lux 
| 


(bicarbonate buffer, temperature 25°) 


| The results of the ex- 


- periments shown in Figure 
~ 50 Sdn 
3,5,10% CO2g 7 are replotted in Figure 8 
= 40 in respect to relationship be- 
4 1% COeg ; 
0) tween the rate of photosyn- 
Ww ae thesis and light intensity. 
= 
= PO With a concentration of 
= gered : 
7) carbon dioxide as high as3% 
e 10 01% COz2 m : . 
) [ ie CO, or more in air, the rate 
ag Sere 
Ongrint aes 3 7 of photosynthesis increased 
103 104 105 aux ; : 2 
linearly with logarithms of 
Fig.8. Rate or photosynthesis of Cyanidium caldarium a ; ‘ ; 
GEITLER, as influenced by light intensity (pH 3.0, light intensity. With 1% 
45°). 


CO, in air, saturation was 
reached at a light intensity of about 104 Lux. With still lower concentrations of carbon 
dioxide, 103 Lux of light intensity was found to be sufficient to light-saturate the photo- 
synthetic system involved. Generally speaking, the requirement for light energy with the 
blue green alga under investigation seems to be much higher than that with the green 
alga, Chlorella. In the latter case, the photosynthetic activity of Chlorella vulgaris in the 
presence of saturating amount of carbon dioxide has been reported to be saturated at 
an light intensity as low as 10,000-20,000 Lux (Warburg, 1919, 1920). In the case of 
Chlorella ellipsoidea, it has been also represented to be saturated at 15,000 Lux (pH 10, 
temperature 25°), and half-saturating concentration at 3,000 Lux CTamiya and Chiba, 
1949). 

Effect of temperature on photosynthesis The rates of photosynthesis and respiratory 
oxgen-uptake are presented in Figure 9 as functions of reaction temperature. The 
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extraordinarily high tempera- 
ture of maximum activity 
with this thermophilic orga- 
nism is to be noticed. The 
highest values for the rates of 
either activities were obtained 
at 55°. In Figure 10 the log- 
arithms of the photosynthetic 
rate (log v in the figure) are 
plotted against the reciprocal 
of reaction temperature (1/T). 
These experiments were per- 
formed with minute amounts 
of carbon dioxide and under 
saturating intensity of illumi- 
The Arrhenius plot 


presented in the figure 


nation. 


shows us, therefore, the 
apparent heat of activa- 
tion 4H* pertaining to 
the 
photosynthesis under in- 


“dark reaction” of 


vestigation. The results 


Log V 


of the computation were 
as follows, 


AH*=17 Kceal 
(55°-40°, pH 3.0) 
AH*= 7, Keal 


(40°-30°, pH 3.0) 

In the range of tem- 
peratures below 25°, there 
is a more abrupt change 


Fig. 10. 
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—o— PHOTOSYNTHESIS 
20 —e— RESPIRATION 
lob 
Oo 
O 
20 30 40 50 60 
TEMPERATURE (°C) 
Fig. 9. Rate of photosynthesis and respiratory 


oxygen-uptake of Cyanidium caldarium GEITLER, 
as influenced by reaction temperature (pH 3.0, 
Photosynthesis: under saturating light intensity; 
ca. 0.1% CO, in air). 


0.0034 
Ais 


0.0030 0.003! 0.0032 0.0033 
Rate of photosynthesis of Cyanidium caldarium 
GEITLER, as influenced by reaction temperature (pH 
3.0); Arrhenius plot. log v: logarithm of photosynthetic 


rate (ml/g./hr.). 


of the reaction rate with the temperature, corresponding to a value for the apparent activa- 


tion energy of about 70 Kcal. 


Certain secondary change in the photosynthetic mechanism 


must be taking place in this range of temperature, under which no measurable growth 


is ever possible with the organism under investigation. 
The rate of respiratory oxygen-uptake was less markedly influenced by the tem- 
perature change (Figure 9). Nor any abrupt decrease in the reaction rate observed at 


tempertures below 25°. 


= 4 
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Summary 


A strain of blue green alga, Cyanidium caldarium GriTLeR, Was isolated from the 
sample material collected from a hot spring in Yumoto, Nikko, Japan. Consistent sub- 
cultures were obtained and the growth responses of the organism towards various 
environmental conditions were investigated. 

The alga was found to be markedly thermophilic and extremely acidophilic in 
nature, most favorable growth taking place at 45°~50° and pH 3.0. 

The changes in the metabolic activities of the organism during the course of 
culture were followed. 

The effect of hydrogen ion concentration, temperature, light intensity and carbon 
dioxide concentration on the rate of photosynthesis was investigated. The optimum 
hydrogen ion concentration was pH3.0. The optimum temperature lied at 55°. The 
apparent heat of activation (in respect to the dark reaction of photosynthesis) amounted 
to 17 Kcal for the temperature range 55°~40°, and 7 Kcal for 40°~30° (pH 3.0). The 
saturating intensity of the light was found to be about 105 Lux or higher with sufficient 
amount of carbon dioxide in the medium. Under sufficiently strong illumination, the 
half-saturation of photosynthesis was reached at a concentration of carbon dioxide of 
ca. 1210-4 mol/l Cor about 0.62% CO, in air: pH 3.0, 45°). These findings were com- 
pared with the data reported for the green alga, Chlorella. 


The auther wishes to express his cordinal thanks to Prof. H. Tamiya, Prof. A. 
Takamiya, and Dr. S. Morita of University of Tokyo and to Prof. H. Huzisige now in 
Okayama University for their kind guidance and encouragement. Thanks are also due 
to Dr. H. Fukushima of Yokohama Municipal University for the identification of the 
algal orgamism. 
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On Streptomyces spiroverticillatus nov. sp.* 


by Ryuji SHINOBU** 


(arbea**: Bhi Streptomyces spiroverticillatus D\>t* 
Received November 12, 1957 


I. Morphology 


Many kinds of media, such as sucrose ammonium agar, glucose asparagine agar, Ca- 
malate agar, potato peptone glycerine agar etc. were used for the microscopical observa- 
tions. Though on sucrose ammonium agar, the growth of these strains were moderate 
and thin, it is not too much to say that this medium is one of the most suitable one 
for the microscopical observation, because of the fact that thin white aerial mycelium 
forms many whirls and they can be easily seen on the skirts of the colony through the 
direct observation method. 

Glucose asparagine agar was good for the growth of the colony and it was also 
suitable for the micromorphology. Therefore, these two media were mainly used for 
the morphological studies. 

The experiment was carried on the colony incubated for about 7~10 days in 28°~ 
30°. The author adopted chiefly the direct observation method in which the colony plated 
on the petri dish was made to grow fully. Sometimes, other methods were parallelly 
used. 

1. Aerial mycelium: generally, long and cottony on most media, sometimes fairly 
cottony, white, about 0.8 w in width. ; 

2. Many spirals on sucrose ammonium agar, glucose asparagine agar and other media. 

Spiral: generally, curled tip with 1~2 turns, seldom 3 turns, diameter of spiral 
about 5~8 pw, sometimes snail-like and hook-like curl. Occasionally, loose or closed 
spirals with 2~3 turns; sinistrorse. ; 

3. Whirl formation: usually occurred near the base of the aerial mycelium, but 
generally, not so remarkable as the other whirl forming species; occasionally, very 
few tufts on the skirt of the colony. 

Whirl: Nittela-type whirl; generally, primary whirl only, seldom secondary one. 
Radial branch: about 2~4 short branches. 
4. Conidia: spheroid, somewhat ellipsoid; about 0.8 » in length. 
Conidiophore: generally very long. 
Conidial formation begins in 3~5 days; conidia are formed at the top of the spiral 


* The outline of this species was already reported at the 22th General Mecting of Botani- 
cal Society of Japan (1957). 
**k Hirano Branch, The Osaka University of The Liberal Arts and Education, Osaka, Japan. 
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Photo. 1. Photos. 


Photo. 3. Photo. 4. 


Photo. 1. Whirl and spiral, medium: sucrose ammonium agar, 10 days. 

Photo. 2. Tuft and whirl, medium: sucrose ammonium agar, 10 days. 

Photo. 3. Spiral; curled tip, snail-like, and hook-like, medium: sucrose 
ammonium agar, 10 days. 


Photo. 4. Colony, medium: potato peptone glycerine agar, 15 days. 


and the whirl’s branch to the direction of its root. 


5. Substrate mycelium: monopodial, no fragmentation; about 0.6 w in width. 


Il. Cultural and physiological characters 
C1) Potato peptone glycerine agar 
good; thick 
good; cottony; white 


at first, yellow orange~Golden Yellow; later, Buff~Golden Yellow 
: usually, none; sometimes pale brown 


tm Pe 
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C2) Bouillon agar 
G: good~moderate; some- 1] 
What thin 
A: none 
S: dull yellow orange~ Corn 
~Golden Yellow 
Pee tone 
(3) Nutrient agar 
Ge excellent thick 
AG none 
S: Ambergrow~Golden Yel- 
low ~ Buff id 
P: uncertain, probably pale 
brown 
(4) Glucose peptone agar ( Waks- 
man’s B) 
G: good~excellent 
A: good; somewhat cottony, 
white~ brownish white 


S: dark yellow orange~Am- 


bergrow a rg a 
P: pale dark yellow orange~ Fig. 1. Sketch of aerial mycelium, medium: 
pale brown sucrose ammonium agar, 10 days. 


(5) Glucose broth 


moderate~ good ; sometimes submerged 


G 
A: good; ring, cottony, white; when colonies submerged, no aerial mycelium 
S: pale dull yellow~colorless 

PB 


: none 
(6) Starch agar (Waksman’s A) 


Gz. -go0d 
A: good; cottony, white~brownish white~pinkish white 
S: pale dull orange~light brown~Golden Yellow 
Pra Wome 
(7) Glucose asparagine agar (Krainsky’s ) 
G: good~excellent 
A: good; cottony, white~brownish white 
S: pale yellow orange 
Pa hone 
G ou... growth of colony 
Penner ce formation of aerial mycelium 
ete | ade cece enna color of substrate mycelium 
Pee eesence soluble pigment 
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(8) Ca-malate agar (Glycerine ammonium agar) 
G: excellent; thick 
A: abundant; cottony, white 
S: pale yellow orange~pale dull yellow orange~light brown 
Py none 
(9) Sucrose ammonium agar (Czapek’s modified ) 
(2 grams of NH,Cl as a substitute for NaNO3) 
G: moderate~poor; many little colonies 
A: moderate~poor; cottony, white 
S: colorless~pale yellow orange 
IP none 
(10) Synthetic agar (Czapek’s) 
G: moderate~ poor; thin 
A: moderate~poor; thin, somewhat cottony, white 
S: colorless~pale brown~pale dull yellow orange 
Pea none 
(11) Plain agar 
poor; very thin 
poor, thin, somewhat cottony, white~brownish white 
colorless~ pale brown 


. oe 


none 
(12) Potato plug 


G: excellent; thick, partially wrinkled 
A: abundant; cottony, white~brownish white 
S: pale brown~ brown~ pale yellowish brown 
P: brown 

(13) Carrot plug 
Gaecood 


A: good; white 
S: pale dull yellow orange~pale brown~brown 
P: uncertain; probably pale brown 
(14) Egg medium 
G: moderate~poor; partially ; wrinkled 
A: scant; white 
S: colorless~pale brown 
P 3 none 
(15) Skimmed milk 
good; sometimes submerged 
poor; light brownish gray; when submerged, none 
at first yellow; later dull yellow orange 
pale dull yellow orange 


SO ae 
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No coagulation ; liquefaction rapidly 

(16) Gelatin stab 

G: poor; colony submerged 

A: none 

Liquefaction: strong 
(17) Blood agar 

Haemolysis: positive, weak 
(18) Tyrosine agar 
good 
good; cottony; white~brownish white 
at first dull vellow orange; later Buff 


Fo Uae B= 1G) 


pale brown; sometimes none 
Tyrosinase reaction: somewhat unstable, generally positive, weak 
(19) Konjakmannan medium 
No liquefaction 
(20) Diastase reaction (iodine reaction): fairly strong 
Enzymatic zone: 7+2mm on starch agar (Waksman’s A) incubated in 10 days 
(21) No cellulase reaction (cellulose......... filter paper ) 
(22) Nitrite production from nitrate on modified synthetic solution: somewhat un- 
stable; generally positive, sometimes negative 
(23) Carbon utilization: lactose, fructose, and xylose utilized; sucrose and inositol, 
uncertain ; rhamnose, mannitol, and raffinose unutilized 
(24) Habitat: soil 


Ill. Consideration 


Though this strain forms white and cottony aerial mycelium on most media, it does 
not show any remarkable character about the production of soluble pigments and the 
colors of substrate mycelium. 

Consequently, there are many species which resemble apparently to this strain in 
some points. 

Now this strain is compared with the following several species which resemble to 
this morphologically, especially in respect to spiral and whirl formation. 

(1) Streptomyces viridoflavus Waksman and Taber (6 ) 

Str. viridoflavus shows the following characters. “ Vegetative growth: abundant 
lichenoid growth on most media; color of growth yellow-green, turning olive-green to 
SaMOSse BLOWN «7s Serovar 

Aerial mycelium: Aerial hyphae formed in fascicles; greenish yellow in color, turn- 
ing gray. Tendency to lose property of producing aerial mycelium. Tufts, with some 
curling of tips produced on certain media. On glucose asparagine agar, spore produced 
in chains, in whirls.” (6) 

By the facts that Str. viridoflavus forms a single spore at the end of the submerged 


oF 


ii 


pe 


SH: 
Fou 


a 837 & 
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sporulating lateral branch and my strain (No. 508) does not form one, and the color of 


aerial and substrate mycelium of S¢r. viridoflavus differs from that of No. 508. Thus, 


they are distinctly different from each other. 
(2) Streptomyces circulatus (Krassilnikov) Waksman and Lechevalier > (Cy 


The description of S¢r. 


sufficiently with other species. 


synthetic medium than on organic media. 


of colony is weak and on synthetic agar, good; 


both media. 


circulatus is so brief that it is impossible to compare 


But generally this strain grows more luxuriantly on 


For example, on nutrient agar the growth 


while No. 508 shows good growth on 


Moreover there are some differences on morphological characters as the 


following table. 


Whirl 


Conidia 


Sucrose inversion 


cylindrical~oblong 


Anitella-type 


Str. circulatus Anitella-type siepiaxive 
ily, Dv. by 0. (p 
Nitella-and spherical~somewhat | 
No. 508 elliptical Sct gee 


0. BSE. 8p. sae 8u. 


63) Streptomyces rubriretic jan Cynon) Waksman ee one Sh (5 ds; (6) 


This species forms many typical whirls and spirals on various media. 


The color 


of the aerial mycelium shows Rose to pink series on many synthetic media, while No. 


508 is white. 


not. 


Moreover this species shows good growth on cellulose, while No. 508 does 


C4) Streptomyces reticuli (Waksman and Curtis) Waksman and Henrici (1), (5), (6) 


Str. reticuli forms white and cottony aerial mycelium on synthetic agar, and con- 


sequently this is one of the most similar species to No. 508 by naked eyes and forms 


whirls and spirals on glucose agar, but no spiral on synthetic agar. 


Further, differences between Str. 


reticulti and No. 508 on cultural observation are as 


follow : 
S Media Ca-malate Glucose Starch Glucose Glucose Reaction 
Se agar agar agar broth broth of milk 
Ph color of aerial y ; ; soluble | 
ew . mycelium : pigment ore 
opi. ;,| naphthalene 
Str. reticuli site ” lavender brown brown unchanged 
No. 508 white " white~ white Ikali 
brownish white Beis Gea 


Followingly, Str. reticuli is distinct from No. 508. 
(5) Streptomyces albireticuli Nakazawa (3 ) 
Though this species forms white and cottony aerial mycelium, and many typical 
primary and secondary whirls on various synthetic media, and no spiral can be seen. 
(6) Streptomyces albus (Rossi Doria emend, Krainsky) Waksman and Henrici (1 ), 


C9), 


(6) 
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Str. albus forms white aerial mycelium and spirals on several synthetic media and 
resembles to No. 508 remarkably by naked eyes’ observation. But on microscopical 
observation, the former does not form any whirl at all. And moreover haemolytic reac- 
tion of Str. albus is negative, while No. 508 is positive. 

Because of the results above mentioned, the author has decided No. 508 to be a new 
species and named it Streptomyces spiroverticillatus. 

This specific epithet means that this forms spirals and whirls and it is an intermediate 
type between Nitella- and Anitella-type. ¢ 4) 


Summary 
Two new strains (No. 507 and No. 508), isolated from the soil collected respectively 
at Higashinoshiro City (Akita Prefecture) and at Kuchian Station (Hokkaido) in July 
1955, were identified to be a new species, Streptomyces spiroverticillatus, basing on mor- 
phological and cultural studies. The specific epithet shows the characters forming spirals 


and whirls on the aerial mycelium. 
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Observations on the Annual Growth Cycle of Marine Algae 
on a Reef at Manadzuru on the Pacific Coast of Japan 


by Shigetoshi MATSUURA* 
PAVRTER*: ELGAR} O— PARENT Salt DR OEE @ JAVEZAME 
Received December 25, 1957 


Introduction 


In spite of a multitude of published works chiefly on the classification and distribu- 
tion of marine algae in this country, there are few presenting the records of researches 
pertaining to the ecological features of algal growthiCcl, '2,°3).) Even “more scanty “are 
the papers that have reported the regular observations made from the point of view of 
plant sociology, and with special reference to the annual cycle of algal flora at a certain, 


* Born 25th April, 1898; deceased 10th September, 1957, at Odawara, Japan, after thirty 
years of untiring teaching at Odawara High School and life-long devotion to research on 
the marine alga2 of Sagami Bay and on the land flora of the Hakone district, 
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“fixed” location on the sea coast of Japan. It is the purpose of this paper to publish 
the results of regular observations carried out by the present author at the “ observa- 
tion reef” he has defined at Manadzuru Peninsula, Kanagawa (Province of Sagami). The 
regular inspection of the place commenced in November, 1937 and was carried out con- 
tinually until the next October. During this period, the author made it a rule to visit 
the place at least twice a month, taking every chance of the major tides for studying 
every aspect of algal growths above and below sea level. From the reef point under 
investigation, as many as 88 species among the 126 so far discovered in the vicinity 
(4, 5,6)* have been identified, belonging to the families of Chlorophyceae, Phaeophyceae, 
and Rhodophyceae. The seasonal changes in the algal growth are presented in a table 
in terms of appearance, vigor and decay of individual algal species. The results obtained 


are briefly discussed from a plant sociological point of view. 


General Aspects of Environment 


Location Manadzuru isa pe- 
ninsula of about three kilometres 
in length, extending SES into 
Sagami Bay, with an average 
height of 50 to 90 metres above 
sea level. Most of the land is 
covered with rich growths of 
deciduous trees. Although there 
is a coastal fishery harbour at its 
northern neck, the greater part 
of the peninsula remains uninha- 
bited (see Map I). The observa- 
tion station for this study was 


Map. I. Manadzuru Peninsula 


chosen from among the many 


* These comprise the following 45 species of algae; 

CHLOROPHYCEAE; Cladophora writhtiana Harvey; C. rudolphiana (Ag.) Harvey; Codium 
cylindricum Holmes; C. divaricatum Holmes: C. datum Suringar; Enteromorpha compressa (L.) 
Greville var. intestinalis. 

PHAEOPHYCEAE; Pachydiction coriaceum(HWolmes)Okamura ; Sargassum pilulifera C. Agardh; 
S. horneri (Turn.) C. Agardh; S. gigantefolium Yamada; S. tortile C. Agardh; Spathoglossum 
variabile Fig. et DeNot; Undaria pinnatifida (Harvey) Suringar; Zonaria diessingiana J. Agardh. 

RHODOPHYCEAE: Aeodes lanceolata Okamur.; Ahnfeltia concinna J. Agardh; A. furcellata 
Okamura; A, paradoxa (Sur.) Okamura; Amphiroa zonata Yendo; Bangia fusco-purpurea (Dill.) 
Lyngb.; Callophyllis crispata Okamura; Cauleanthus Okamurai Yamada; Centroceras clavulatum 
(Ag.) Mont.; Ceramium japonicum Okamura; Champia bifida Okamura; Delisea pulcera Montagne; 
Dudrenaya japonica Okamura; Galaxaura falcata Kjellman; Gelidiwm linoides Kuetzing; G. sub- 
costatum Okamura; Gracilaria confervoides (L.) Grev.; G. chorda Holmes; G. incurvata Okamura; 
Grateloupia ramosissima Okamura; G. turuturu Yamada; Hypnea cervicornia J. Agardh; Liagora 
lepresa J. Agardh; Lithophyllum canescens Foslie; Martensia denticulata Harvey; Meristotheca 
papulosa (Mont.) Agardh; Nemalion vermiculare Suringar; Procamium telfairiae Harvey; Poly- 
stphonia crassa Okamura; Porphyra tenera Kjellman; Sarcodia ceylanica Harvey. 
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reefs that enclose the Shikkake inlet, which is situated on the southern side near the 
base of the peninsula. The theodolitic location of the place reads as follows; 
Long. 13922 30 Lat. Soo) AON, 
The area of the “observation reef” is about 87 m2 (above mean sca level). 
Climatic conditions According to the data published by Kanagawa Prefecture cover- 
ing the period from 1935 to 1938, the annual atmospheric conditions at Manadzuru 
are as follows; 


Average maximum temperature 18.6° 
Average minimum temperature IL Tlgss© 
Maximum temperature (absolute maximum) Sore 
Minimum temperature (absolute minimum) —4,4° 
Rainy days; 146 Snowy days; ft 
Frosty days; 13 Stormy days; 39 
Total precipitation (rain & snow) 2091.1 mm 


Figure 1 shows temperature and precipitation data for the months of the year (Kana- 


gawa Prefecture; Meteorological Station). 


Monthly amount of 
precipitation 


ol 

(e) 

wl 

(@) 

(e) 
PRECIPITATION 
(mm / month) 


Maximum temperature 
+ averos temp. 
Minimum temp. 
1 


ee ee ee 


Jan Feb Mar Apr MayJun Jul AugSep Oct Nov Dec 


Fig. 1. Atmospheric temperature and precipitation data for the months 
of the year (Kanagawa Prefecture Meteorological Station). 


TEMPERATURE (°C ) 


Conditions of sea current and water A branch of the main warm current, the “ KU- 
ROSHIWO”, which strikes against Jégashima, runs along the west coast of Miura 
Peninsula, and then past Enoshima, almost disappears off the mouth of the Banyt 
River. Manadzuru is therefore not subjected to the direct influence of the Kuroshiwo 
current. A counter current, however, streaming in the opposite direction along the 
shore of the Bay of Sagami, sweeps the side of the peninsula under investigation in a 
westwards direction. Figure 2 presents data for the annual changes in sea water tem- 
perature at the sea surface and at a depth of 25m below the surface, as observed at the 
Kanagawa Prefecture Fishery Experimentation Station, (1935-1939), which is situated not 
very far from the “ observation reef ” under study. At the sea surface, the temperature 
was lowest in February (13°), and highest in August (25°), whereas at a depth of 25m 
below sea surface the minimum was observed in March (14.5° ) and the maximum in 
September (23°). Data for atmospheric temperature are also shown in the same figure, 
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Fig, 2. Sea water temperature for the months of the year. (Kanagawa 


Prefecture Fishery Ex 


perimentation Station (1935-1939). 


with a maximum and a 


minimum almost coinciding in time with the respective temper- 


ature characteristics at the sea surface. 


The specific gravity of the sea water at the 


Experimentation Station has been reported to be as follows; 


Surface 25m depth Average 


January 1.02564 1.02563 
March 1.02566 1.02563 | 
about 1.025 
June 1.02485 (Miya a ee Mi 
Augst 1.02423 1.02500 | 
The transparency measured as usual using a white plate of 30cm diametre; 
Jan. Mar. May. Jul. Sept. Nov. 
Transparency (metres ) 15 16 21 6 12 5 
~~ 
6 30 
25 
a Water surface temp. On es 
Q-A KK” ~O 
meZor pa : 
= a Ne O Om Ss (e) 
x 15 r ¢ “9-O~q abies 
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R --- Rainy 


Fig. 3. 


D --- Drizzle 
Meteorological data recorded by the author on inspection of the 


observation reef, 


elit 
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gures occasionally obtained by the present author on_his inspection of the 


vation reef are presented in Figure 
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Observation reef. 


Map. II. 
Notice In Map II and Table 1 the following abbreviations are used. 
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CHLOROPHY CEAE. 


1. Collinsiella cava (Yendo) Printz 


PB WIN peg ee 


2. Ulva pertusa Kjellman 
3. U. conglobata Kjellman 


4. Enteromorpha linza (Linne) J. 
Agardh 


5 Chaetomorpha spiralis Okamura 


6. Ch. crassa (Ag.) Kuetzing 


4 
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7. Bryopsis plumosa (Huds.) C. 
Agardh 

8. Codium adhaerens (Cabrera) C. Vee 
Agardh \ 


Ww 


9. C. fragile (Suringer) Hariot 

PHAEOPHYCEAE 

10. Dictyota dichotoma (WHuds.) La- 
mouroux 


11. Padina arborescens Holmes 


9. 


J 
12. Petrospongium rugosum  (Oka- — 
mura) Setchell et Gardner 
13. Leathesia difformis (Linne) Are- ote 
schoug ! 
| 
14. Myelophycus caespitosus (Harvey) : a 
Kjellman : 
15.  Seytosiphon lomentarius(Lyngbye) ad 
J. Agardh 
16. Colpomenia sinuosa (Roth) Der- Se> 
bes et Solier 


17. C. bullosa (Saunders) Yamada 


18. Hydroclathrus clathratus (Bory) 
Howe 


19. Endarachne binghamiae J. Agardh 


20. Ishige okamurai Yendo 


21. J. foliacea Okamura 


7 


22, Hisenia bicyclis (Kjellman) Set- 
chell 


23. Ecklonia cava Kjellman 


i} 
‘ 
: 
24. Cystophyllum sisymbrioides J. 
Agardh he 
25. Hizikia fusiforme (Harvey) Oka- E 
mura 


26. Sargassum patens C. Agardh 


nie 


27. S. serratifolium C. Agardh 


$ 


—— 
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5. ringgoldianum Harvey 
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5. sagamianum Yendo 
30. S. thunbergii (Mertens) O. Kuntze 


Sl. S. hemiphyllum C. Agardh 
| RHODOPHYCEAE 
| 32. Porphyra suborbiculata Kjellman 


33. P. dentata Kjellman 

34. Nemalion pulvinatum Grunow 
35.  Scinaia japonica Setchell 

36.  Gloiophloea okamurai Setchell 
37. Galaxaura fastigiata Decaisne 


38. Actinotrichia fragilis (Forsskal) 
Boergesen 


39. Gelidium divaricatum Martens 
40. G. pusillum (Stackh.) Le Jolis 
41. G. pacificum Okamura 


42. G. japonicum (Harvey) Okamu- 
ra 


43. G. amansii Lamouroux 
44. Pterocladia tenuis Okamura 


45. Acanthopeltis japonica Okamura 


46. Chondrococcus hornemanni Mer- 
tens) Schmitz 


47. Amphiroa zonata Yendo 
48. <A. ephedraea Decaisne 


49. A declinata Yendo 


50. Corallina pilulifera Postels et 
Suprecht 


51. Jania ungulata Yendo 


52 Grateloupia filicina (Wulfen) J. 
Agardh 


53. G. carnosa Yamada et Segawa 
54. G. prolongata J. Agardh 

55. G. livida (Harvey) Yamada 
56. G. Okamurai Yamada 

57. G. imbricata Holmes 

58. G. elliptica Holmes 


59. Polyopes polyideoides Okamura 
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C. crispata Okamura 
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H. charioides Lamouroux 
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Gracilaria textorit Suringar 
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Chondrus ocellatus Holmes 
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Lomentaria catenata Harvey 
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cause of the ease of approach and 
especially because of the variety 
in coastal formation which gave 
rise to the richness in algal flora 
as stated above. The surface of 
the reef under investigation is 
oblong in shape, about 8.5 m wide 
and about 12.5m long, witha total 
area of about 87 m2 above mean 
sea level (see the contour Map 


II and the photograph in Fig. 4). 


Waves In calm weather, the 


ee 4. The view ahihe observation reef * agitation by waves was almost 
from NE. (Author in center) negligible. More usually, how- 
ever, the breaker at the front of the reef measured a height of one to two metres, 
and in stormy weather even waves as high as three metres were not very rare. At 
high tide the whole surface of the reef was subject to the action of waves even in 
moderate weather. At neap tide splashes scarcely reached to the higher zones of the 
reef, exposing the surface of the rock to heat and dessication in fine weather. 
Lithological aspects The rocks of the reef consist of two-pyroxine andesites from Ha- 
kone Volcanic Lava, a branch streaming from the ancient somma of Hakone into the sea 
about the middle of Diluvium. It is also likely that the geological features of the coast in 
question have been significantly modified by successive elevations, some of which have 


occurred even in relatively recent periods. 


Results 


Annual cycle of algal succession The results obtained as regards the annual cycle 
of algal growth on the observation reef are summarized in Table 1. The width of the 
black area represents the relative vigor of growth of each algal species indicated. The 
marks c and ct in the same table indicate, respectively, the formation of cystocarps and 
tetraspores on the thallus. The right half of the table shows, in addition, the zone of 
the reef dominated by each individual species. Negative signs before the figures in 
this part of the table represent the depths below mean sea surface. (For abbreviations 
ES, US etc., see the notice on page. 97) 

Seasonal changes in number of algal species The changes in number of algae dis- 
covered each month on inspection of the reef are illustrated in Figure 5 and summarized 
in Tables 2A and 2B. These results may be abstracted as follows. 

i) The total number of algal species to be discovered on this reef is at its minimum 
of 39 in autumn (Sept.~Nov.), rising gradually to a miximum of 88 in the period from 
March to May. A gradual decrease then follows during the summer to the above- 


mentioned minimum of 32 in October. 
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Table 2A. Monthly changes in number of algae. 


Fee Month | 
ee | Nov. Dec. Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sept. Oct. Total 
Division ~ 2 
Chlorophyceae | 3 6 ff 8 9 8 8 6 5 { 4 ss) 9 
Phaeophyceae I EKSis waste A PR 32)" NIG NY es ne Ie aly IK 22 
Rhodophyceae 14 i832 ye a), a) AT Meee 0 nel (eee 57 
Total I) ©3833) A20 Gl 718 SS5e 9 C3a nS Zameen Oe Om 88 
Table 2B. Seasonal changes in number of algae. 
So co 
SS = Season ; | 
—— Sept.—Novy. Dec.—Feb. Mar.—May. Jun.—Aug. 
Division 
Chlorophyceae 5 © (569%) 8 (89%) 9 (100%) | 6 (67%) 
| 
Phaeophyceae 16° (73%) 22 (100%) 22 (100%) | 18 (82%) 
Rhodophyceae 18 (382%) 45 (79%) 57 (1009) 50 (87%) 
Total 39 (4494) 75) S594)) 88 (100%) 74 (849%) 
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NUMBER OF SPECIES DISCOVERED 


mm Chlorophyceae 
Phaeophyceae 
SS Rhodophyceae 
—— total 


@----e@ water surface temperature 
atmospheric temperature 


Piet mae! : ‘ 
Fig. 5. Number of algal species discovered each month on the observa- 
tion reef. 
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ii) Another remarkable feature in this respect is the dominance of red algal forms in 
the total flora throughout the seasons of the year, the rise in the total number of algal 
species being largely dependent on this particular group. The extent of the fluctuation 
in the number of Phaeophyceae species was relatively small, most of them being peren- 
nual forms. Green alga flora was found to be not very rich so far as the number of 
species was concerned. Eight to nine species were identified during the months from 
February to May, when they showed most prolific growth. 

In summary, throughout the seasons of the year, of the total of 88 species discovered 
on the observation reef, 57 (6574) belonged to Rhodophyceae, 22 (25%) to Phaeophyceae, 
and 9 (10%) to Chlorophyceae. It should be kept in mind that the above list may lead to 
an estimation somewhat too low for the actual number of algal species involved. 
There are species of algae missing from the table, that, nevertheless, have been col- 
lected by the present author, during the said observation period as well as in more re- 
cent years of extended survey, from the neighbouring areas around the observation 
reef. All of them, however, being found to be forms of rather rarer occurrence and 
also of less abundant growth, the above estimation for the number of the algal species 
involved seems to the present writer to be fairly reliable. The records for the growth 
periods of the individual algal forms also might have been modified to some extent 
if we could have extended our investigation to cover the whole surface of the Manadzu- 
ru area, since there was naturally no reason whatsoever that every algal species should 
have appeared earliest and disappeared latest on this particular reef point. Here also, 
the year-long observation of the present author indicates that the conclusion to be 
drawn from the above-presented figures may not be very significantly different from 
the real picture of algal succession in this part of the sea coast of Japan. 

iii) From the results shown in Figure 5, it is apparent that the time of increasing 
appearance in number of algae coincides with the cold season, while the period of 
marked disappearance occurrs in the hot season. This is a common knowledge among 
our algologists, and it leads them to correlate the fact directly with the annual cycle 
of temperature variation. The present author, however, is rather inclined to restrain 
such conclusion until more direct experimental evidence is furnished as to the actual ef- 
fect of temperature on the growth and becay of sea weeds. It will perhaps be more fruitful 
to present figures correlating the counts of algal species, on the one hand, with those for 
first appearance, vigor of growth, and last disappearance, on the other hand, as well as 
those pertaining to the formation of cystocarps and tetraspores in red alga forms in parti- 
cular. (Figues 6 and 7). From these results it is safe to conclude that the annual cycle of 
algal growth on the reef is initiated in the months Dec-Jan-Feb-Mar, when the largest 
proportion of the inhabitants make their first appearance on the reef. The abundance 
of algal species attains a maximum in the month of March, new comers becoming ra- 
ther scarce in number after this time. Most species show the highest vigor of vegeta- 
tive growth in May, when the sea flora becomes therefore richest both in number and 
luxuriance of growth. With most species of Rhodophyceae, the group occupying the 


a. hh Kee 1 ye Ay QQO7 et If] 33 423 
104 fi Hm FM HH BUS ce 837 se WAN 33 4E 3 A 


Water surface 
temperature 


First appearance 
(=a 


Last disappearance 
SRR 


NUMBER OF SPECIES AND TEMPERATURE (°C ) 


o Nov Dec J 


Total number of species ; 
= first appearance 


ESE maximal growth 
(MMM final disappearance 
-—— water temperature 


Fig. 6. Number of first appearance, maximal growth, and final disappearance 
of algae in each month of the year. 

dominant place in the algal floral under investigation, the season of maximal vigor is 
the season of spore formation (cystocarps and/or tetraspores) or the time immediately 
preceding it (See Fig. 7). Then follows a period of decay and finally the time for their 
temporary disappearance from the reef, the number of disappearing species being most 
numerous in the months July-Aug-Sept, when the view on the coast is most desolate 
to the eyes of an algologist. 

There are, in addition, more durable forms of algae persisting throughout the year. 
The number and the percentage of perennial algae were found to be as follows; 3 peren- 


nials out of the total of 9 Chlorophyceae (83%); 16 of 22 Phaeophyceae 7226) Saal Sok 
57 Rhodophyceae (23% ). 
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Vertical distribution of the algae 


Monthly changes in number of red alga species carrying tetra- 


the algae, the results of the observations will be summarized as follows CTable:3). 


Number of species discovered in various zones of the reef. 


Turning our eyes to the vertical distribution of 


Total 


30 (24. 5%). 
56 (46%) 
36 (29. 5%) 


Table 3. 
——s Division 
= Chlorophyceae Phaeophyceae Rhodophyceae 
Zone 
Upper 4 (29%) 9 (29%) 17 (22%) 
Middle 7 (50%) De GSa2.5 7) 38 (49%) 
Lower 3 (21%) iil Oe 59 70) Ey) 7) s 


The number of the algal species was found to be largest in the middle zone, from 
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20 to 80cm below mean sea level; see above). About half the members of Chlorophyceae 
and Rhodophyceae are inhabitants of this part of the reef. In the case of Phaeophyceae, 
a more uniform distribution throughout various depths is to be noticed. The habitual 
way of considering the green, brown and red algae as the representative dwellers, re- 
spectively, of shallow, middle, and deep zones of the sea coast seems thus to be rather 
inappropriate, so far as the number of species characteristic of each zone is concerned. 
Roughly speaking, most of the perennial forms are deepwater inhabitants; out OF oa 
such species, 17 belong to the lower and 7 to the middle zone (see Table 4). It will 


Table 4. Duration of growth period. 


: Months ; 
1~3 4~6 7~10 Perennial 
Zone 
Upper 1 (7%) 6 (2%) 6 (28%) 9 27%) 
Middle 4 (67%) 15 (569%) 8 (36%) G Cie 
Lower 1 (17%) 6 (229) 8 (36%) 17 (52%) 
Total 6 Pil 22 oo 


also be noted in this connection that in the middle zone of the reef, the number of 
species in the stage of their most vigorous growth reaches a maximum in the month 
of March, whereas in the lower zone there is a delay of about two months before that 
part of the flora attains its maximum (see Table 1). 

Dominant species of algal flora Gelidium divaricatum and Gigartina intermedia 
are the two dominant species of the upper zone, covering most proportion of the area. 
Chondrus ocellatus also shows abundant growth in the upper zone. If we are to adopt 
the subdivision of the species into forma canaliculatus and forma ftypicus, it will be 
perhaps worth mentioning that the former is dominating the upper zone, especially the 
washed surface of the rock, while the latter is covering the lower part of the middle 
zone. There seems to be a rather gradual change according to the depth of water from 
the smaller sized canaliculatus form to the larger sized forma typicus. Sargassum 
thunbergit is the dominating species of the middle zone, often covering that part of the 
reef with thick rows of fully developed fronds. Sargassum sagamianum is another re- 
presentative of the genus occupying considerable space in the middle and lower zones. 
It forms usually a densely packed colony, excluding all other algae from the circle, ex- 
cept for such subtle forms as Hypnea japonica which is capable of developing its own 
frond by clinging to the upper branches of other more stout forms of sea weeds. Chondria 
crassicaulis also is apt to form densely populated pure colonies of considerable extension 
in the middle zone of the reef. All the above mentioned dominant species, except Chon- 
dria crassicaulis, being perennial forms, the general feature of the algal vegetation 


around the reef is determined by the cycle of growth of these species throughout the 
year. 
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Algo-geographical Observation 


The most prominent feature with the algal flora investigated is the dominance of 
warm current-forms. In fact, out of the total of 88 species discovered on the observa- 
tion reef, as many as 82 belonged to the warm current-species. Six other species were 
ubiquitous forms being distributed throughout the seas from the tropic to the frigid 
zone. Among the 82 warm current-species mentioned above, 76 were typical temperate 
zone-inhabitants, while the other 6 were known to occur on the coasts of the temperate 
as Well as the tropic seas. 

The algal flora concerned included 28 typical Pacific coast dwellers (34% ); the other 
54 were the species known both from the Pacific as well as the Japan Sea coast of Japan. 
Almost half of the members of the Flora under investigation was indigenous to this 
country. In the above plant geographical consideration, reference has been made on the 
records of individual algal species as compiled by the late Professor K. Okamura (7 ) 
in his monumental work “The Algae of Japan” (1934)*. Additional evidence was 
also obtained from the occasional observations by the present author himself made around 
various places along the sea coast of this country from South-Sacchalene (once belong- 


ing to Japan), Hokkaido, the Main Island, Shikoku, Kyushuu to Ryuukyuu. 


Concluding Remarks 


Frankly stating the matter, the present author was surprised at the beginning of 
the present work, to discover how little had been known about the most common ques- 
tion, in what months of the year each species of sea weed first appeared, developed and 
finally disappeared. In spite of the generally recognized importance of marine algae 
from the stand points of fishery and marine agronomy, and notwithstanding the number 
of marine experimental stations distributed around the whole coast of this country, there 
had been scarcely a single record of systematic survey undertaken to reveal the 
actual features of the annual succession of marine algal flora at fixed points or definite 
regions of the sea coast. The labor of regular visits throughout the year to a definite 
observation point, following the appearances and decays of the commonest kinds of sea 
weeds, must have been too cumbersome a work for the busy university algologists and 
the official fishery bureau men. Most of the knowledge on the distribution of marine 
algae has been based on the compilation of records of collections by learned and amateur 
algologists who were usually interested in fully grown specimens of sea weeds suitable 
for herbarium preservation. Early stages of insignificant growths thus have escaped the 
scope of their observation. There have been, on the other hand, multitudes of untiring 
works of plant embryologists investigating the earlier stages of algal development. The 
studies of this category, however, are practically limited to a limited number of really 
representative forms of algal tribes and genera, and at the same time, are mostly con- 
cerned with the earliest stages of algal life. Although the method of the present study 


* Various other papers were also consulted, including those indicated in Ref. 8~. 
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was mostly restricted to the observations with the naked eyes, and the search for the 
first appearance and the last remains of algal growths may be insufficient to be regarded 
as exhaustive, still it will be granted to the present author to profess that the results 
described above may not be very far removed from the real picture of floral sccession 
under investigation. It is the opinion of the present author that the kind of general 
survey reported in the present study must also serve as the fundamental basis for the 
practice of marine agronomy, since it comprises the knowledge of growth of certain sea 
weeds of practical importance such as Gelidium and Hizikia, as well as information on 
other forms of marine algae that are in immediate competition with them. 

It is really regrettable to the author that he had to postpone the more advanced 
and more interesting researches along this line of approach to the unpromised future, 
but he heartily hopes that the work will be continued by those who may be interested 
in the subject. He will be contented for the present to mention here the ideas he has 
been cherishing, although he could not put them into effect in his life time; 

i) The same type of survey should be carried out simultaneously at different points 
along the entire coast of this country. 

ii) More advanced investigation should be carried out with the purpose of analyzing 
the effects of various environmental factors such as depth, temperature, exposure to air, 
agitation by waves and especially, light intensity, as they co-operate in the formation 
and the succession of the algal flora. 

iii) The use of artificial test blocks of various kinds of natural as well as synthetic 
materials submerged at various periods of the year at various parts and depths of the 
coast will serve in furnishing data on the potential productivity of the marine flora in- 
volved. The use of glass plates will be of great help in facilitating continual direct 
observation under the microscope, especially with the earlier stages of algal growths. 


Summary 


With the purpose of elucidating the annual cycle of algal flora at a certain “ fixed ” 
location on the Pacific coast, regular observations were carried out at the “observation 
reef” defined by the author at Manadzuru Peninsula, Kanagawa, Japan. 

The results of the regular inspection of the place from November, 1937 to October, 
1938 were described with respect to the number of algal species discovered at the observa- 
tion reef, with special reference to the first appearance, the maximal vigor of growth 
and the final disappearance of each algal form. 

Summing up through the year, there were 88 species of algae discovered from the 
observation reef, which belonged to the families of Chlorophyceae (9 species), Phaeo- 
phyceae (22 species) and Rhodophyceae (57 species). 

The seasonal changes in the algal formation were investigated by following the life 
cycle of each algal form from its first appearance on the reef to its final disappearance 


from the place. Formation of cystocarps and tetraspores were also followed with the 
red alga forms. 
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The results of the study were discussed from the algo-geographical point of view. 
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In the last decade, the problem in limnology has been focused upon the biolo- 
gical production. As all life in a lake depends directly or indirectly upon the 
organic matter synthesized by plants, the first step in the study of biological pro- 
duction in a lake should start from the photosynthesis of phytoplankton, on which 
the primary production is based. Regarding the photosynthesis of algae, numerous 
studies have been reported by many plant physiologists. However, they have con- 
centrated their studies mainly on the analyses of mechanism of photosynthesis, and 
the experiments were performed with pure cultured algae under opitimal condition 
in laboratory. On the contrary, the informations on photosynthesis of phytoplankton 
under natural condition are still inadequate for ecological elucidation of productivity 
of lakes. Therefore, for the ecological study of production of lakes, it is necessary 
to clarify the characters of photosynthesis proceeding in nature more quantitatively. 
The following study was undertaken to fill up these gaps. 


Methods 


Photosynthesis was measured by the “in situ” method. Sample water was taken 
up from the surface or various depths of a lake, then filled into clear and dark glass 
bottles of 100 ml. and finally the bottles were lowered down to the depth from which 
the water was taken. After certain hours, the increase or decrease of oxygen dis- 
solved in the water of bottles was determined by Winkler’s method. The amount 
of real photosynthesis was obtained by adding the respiration measured in the dark 
bottle to the net photosynthesis measured in the clear one. The suspension time 
did not exceed 6 hours in all cases (refer to Verduin, J. 1956, Ichimura and Saijo, 
in press). The total photosynthesis in a day was estimated as the double amount 
of a half day photosynthesis measured from noon to sunset. Density of phytoplankton 
in the water was determined by pigment analysis after filtration with two sheets of 
filter paper (Toyo, No. 101), and indicated as the chlorophyll amount (see Gessner, 
1944, Hogetsu and Ichimura 1954). As seen in Table 1, the photosynthetic capacity 
of filtrated water was so low and so greatly departed from the initial capacity of 
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Table 1. Comparison of photosynthetic activity between raw water and 
filtrated water which was filtrated through two sheets of filter paper (Toyo, No. 
101) with a suction apparatus. 


Photosynthetic activity 


Lake Dominant phytoplankter O, mg./1/day 
: h a Raw water Filtrated water 
Jonuma | Chlamydomonas sp. 1.075(1. 00) 0.114(0. 106) 
Kasumigaura Microcystis sp. 0. 847(1. 00) 0. 082(0. 097) 
Teganuma | Fragilaria sp. (0), OD) 0. 046(0. 066) 


raw Water that the phytoplankton which passed through the two sheets of filter 
paper may be less than 10 per cent of the total phytoplankton in the sample water. 
In the present study, the photosynthesis of phytoplankton is expressed by the amount 
of oxygen evolved per mg. chlorophyll corrected for 10 per cent error. 


Results 


A. Daily and vertical change in the rate of photosynthesis. 
Variation of illumination in a day affects on the photosynthetic rate remarkably. 


Fig. 1 shows the characteristic feature of 


oo 


the change of photosynthetic rate at various < 

depths during the course of a day. Data %, 

were obtained at Lake Teganuma on a clear > 

day in May. The transparency measured 24 

with Secchi’s disc was about 1.3 metres. . 

The material used for this experiment was 7 

collected with a plankton net from surface F = 

of the lake and its photosynthesis was me- ° : : ie : i ‘ 
asured at various depths of the lake. Fig. 1. Daily change in _photo- 


synthetic rate of phytoplankton in 


e i hours the highest rate 
oe 8 Lake Teganuma. 


was measured at the surface, but in midday 

that was obtained at deeper depth, because the photosynthesis in the upper layer 
was interfered by too intense sun light. The highest rate again shifted at the surface 
in the afternoon. These photosynthesis curves with two peaks are similar to that 
described by Jenkin (1937), and resemble to those obtained in land plants. Of course, 
the form of photosynthesis curves obtained at each depth differs from each other 
according to the light intensity prevailing on the lake surface and the transparency. 
For instance, the photosynthesis curve obtained at the surface on cloudy day did not 
show two peaks. Table 2 indicates the variation of the daily total amount of photo- 
synthesis with increasing water depth. The maximum rate was generally found at 
some depth below the surface on clear day, and on cloudy day it shifted upwards. 
In winter, solar illumination is so low that the maximum rate was always found at 
the surface. The direct relationship between light intensity and photosynthetic rate 
in lake was discussed with the data of light intensity measured photoelectrically at 


112 fi wy * MR BMS BYW7S Hag 33 4E 3 A 


Table 2. Photosynhesis rate of phytoplankton at various depths 
measured in various seasons. The value is expressed by O,mg. per 
chlorophyll mg. per day. 


Nakanuma Suwa Teganuma 


Lake Kasumigaura 
Weather Cloudy Sunny Sunny Sunny 
Month Sept. Nov. June Aug. Sept. Dec. Nov. Feb. 
Depth 
0m 36 15 of 21 30 18 4 12 
lw dl 3 67 26 23 10 of 9 
Dh 3 2 79 15 10 5 3 -- 

| o 2 — 09 8 rf 4 — _ 
4 — _ 16 3) 2 = rs = | 


various depths, at which the bottle was 


y suspended. Results obtained at Lake Na- 

June 25 kanuma in several seasons are shown in 

= Fig. 2. The light-photosynthesis curve 

. is similar to the well-known light photo- 

& synthesis curve in algae which has been 

= obtained in laboratory by many in- 

vestigators. The light saturation of 

2 photosynthesis was found at about 50 

= per cent of initial illumination. Further 

> increase of illumination caused little 

2 change or even inhibition in photosynthe- 
tic rate. 

0 20 10 i B. Seasonal change in rate of photo- 

Light intensity % synthesis 
Fig. 2. Relation between photosynthesis The photosynthesis of phytoplankton 
of phytoplankton and light intensity mea- showed considerable variation in the course 


d der field dition. é 
is ar Sen ae eae of year. The results gained at Lake Na- 


kanuma during 1950-1951, and those gained at Lake Teganuma during 1956-1957, are 
shown in Fig. 3. Measurement were performed two or three times a month, and the 
monthly mean of photosynthesis maximum in each “in situ” experiment was taken. 
The photosynthetic rate of phytoplankton obtained at Lake Nakanuma showed two 
marked pulses in early summer and in autumn. Namely, the photosynthetic activity 
began to increase on March and rapidly reached a large early summer value, and 
thereafter decreased during summer. It, however, increased again in early autumn 
and reached a large autumn value. During winter the photosynthetic rate exhibited 
very low or negative value. The feature of the curve obtained at Lake Teganuma, 
which is very shallow water and where higher water plants are vigorously growing, accord- 
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ed with that of Lake Nakanuma, but 
the extreme increase in autumn did not 
appear. It is interesting to note that 


80 


; rex : 5 Nakaniim 
the photosynthetic activity is roughly a aaa 
propotional to the amount of solar energy 3 
falling on the surface of lake. However, S 

SD 


in a few cases exceptionally high photo- 
synthetic activity in winter was observed, 
for example, at Lake Suwa in December 


(Hogetsu and Ichimura 1954), and similar USS 


Photosynthests 


phenomena were reported by Verduin 


(1956), too. These differences are ob- (ns as 


Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 


viously attributed to water temperature, 

Fig. 3. Seasonal change in photo- 
synthetic rate. Data in the diagram 
character of algae, etc., in each lake. were obtained‘at 1 metre depth in each 


light condition, nutrient concentration, 


The author will touch these phenomena lake. 


in other paper. 


C. Maximum photosynthetic activity of phytoplankton 
under field condition 


It is difficult to determine the maximum photosynthetic rate under natural con- 
dition, as the photosynthesis is limited not only by the external factors but also by 
the internal ones. The maximum rate in this work represents only the average 
of high values measured in the course of a year. The highest values obtained at 
the depth of optimal light intensity in various lakes summarized in Table 3. Although 


Table 3. Maximum photosynthetic rate of phytoplankton measured in the 
course of year at several lakes. Photosynthesis was expressed by O, mg. per 


chlorophyll mg. per day. 
E: Eutrophic lake, M: Mesotrophic lake, O: Oligotrophic lake 


Lake Date aie Paes Dominant phytoplankter 
Jonuma(E) Oct. 27, 1956 112.8 Chlamydomonas sp, 
Suwa(E) Oct 18, 1954 105. 0 Microcystis sp. 
Kasumigaura(E) | Nov. 23, 1956 OD / Microcystis sp. 
Nakanuma(E) June be OZ 76.9 Fragilaria sp. 
Ushikunuma(E) June 20, 1954 67.0 Desmid 
Teganuma(E) July 15, 1954 65.2 Melosira italica 
Shinseiko(M) July 11, 1956 44.4 Chlorophyceae 
Yamanakako(M) Sept. 8, 1956 42.0 Botoryococcus sp. 
Akagi-Onuma(O)| July loo 25.0 Asterionela sp. 
Ashinoko(O) July 22, 1957 19.0 Melosira sp. 
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phytoplankton in extremely eutrophicated lake or in cultured algae sometimes showed 
higher rate than 100 mg O2/chl. mg./day, natural phytoplankton in eutrophic lakes 
seems generally to show a somewhat lower rate than this. 

The average maximum rate was situated between 80 mg and 90 mg O2/chl. mg/ 
day in eutrophic lake. 40 mg., and 50 mg. in mesotrophic lake, and 10 mg. and 20 mg. 
in oligotrophic lake. Because of lack of data on the diurnal change of photosynthetic 
rate, the maximum rate of per hour cannot sufficiently be indicated in this paper. 
For the purpose of reference, a few results were indicated in Table 4, in which 


Table 4. Maximum photosynthetic rate of phytoplankton per hour 
measured at some lakes. 


Lake Date Ol ol nee bie ee 
Jonuma Ses iis, Were 8,2 Euglena sp. 
Kasumigaura Septwe 92) L956 Weve Microcystis sp. 
Nakanuma May 30, 1957 oe Eudorina sp. 

Teganuma Atom 255 eLO56 6.8 Melosira sp. Eudorina sp. 
Kawaguchiko June 285 1955 4.6 Melosira sp. 
Ashinoko June 24, 1957 lewz, Melosira sp. 


the data represent the maximum value in the course of a day. Though the photo- 
synthetic rate was measured with various species taken from eutrophic lakes, those 
algae showed similar photosynthetic activity per unit chlorophyll, and 7.8mg. O,/ 
ch!. mg./hr. may be considered as an average maximum rate under natural condition. 
This value is well accordance with the results reported by other authors (Manning 
and Juday 1941, Gessner 1944). It is noticeable that the maximum _ photosynthetic 
rate based on unit chlorophyll falls nearly same values without regard to difference 
of phytoplankton species. 

Therefore, the difference of photosynthetic activity in different species may 
sometimes be negligible with some limitation, if the photosynthetic rate is discussed 
on the basis of unit chlorophyll. These things have also been confirmed through ex- 
periments with various cultured algae (Ryther 1956, Ichimura, in press). 


D. Relation of the photosynthetic capacity of lake water to the 
phytoplankton concentration in the water 
In recent years, Hogetsu and Ichimura (1954) and Ryther (1957) performed the 
copeotadon of the primary production from chlorophyll and light data. Assuming 
a strict proportionality between the photosynthetic capacity and the chlorophyll 
amount, it may be possible to deduce the primary production of phytoplankton 
population from the latter. Concerning this, an experiment was carried out. A part 
of the phytoplankton collected from water near surface with a plankton net was 
suspended in various concentration in bottles filled with filtrated surface water. The 
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bottles were suspended at 1 metre below the surface 12 

of water for 6 hours. Fig. 4 indicates the results of ce 

the experiment at Lake Nakanuma in July. Linear 5 

correlation between those two values, with limitation > 

under 0.1 mg. chlorophyll/l, can be seen. This was 46 

also confirmed by Ryther (1956), though his experi- g, 

ment was done not in field, but in laboratory with e 

cultivated algae. The highest chlorophyll concentra- <° 

tion found in various Japanese lakes was in a range os aa ae 
of 0.1mg.-0.15mg. per liter and the photosynthetic Chlorophyll mg/l 
capacity (gross photosynthesis) of these waters was Fig. 4. Photosynthesis 


of phytoplankton in lake 
as a function chlorophyll 
imum photosynthesis in these waters could reach the concentration 


values of 9) mg. O2/chl. mg./day. Manning and Juday (1941) reported that in water 


8 mg.-l4 mg. of Oz per litre and day, namely the max- 


bloom the maximum photosynthesis per unit chlorophyll was usually not so high as 
expected, but under ordinary condition, the phytoplankton population is not go 
large as the density effect acts remarkably on the depression of photosynthetic capa- 
city. The chlorophyll amount, therefore, can be used as a measure of productive 
capacity of a lake. It seems sometimes to be not proper to compare the productivity 
of lakes on the basis of chlorophyll concentration alone, because the photosynthetic 
activity of phytoplankton is determined by many factors. However, if the environ- 
mental factors, the productive structure of community, deterioration of phytoplankton, 
etc., are properly considered, the chlorophyll amount will be very useful as an index 


of photosynthetic capacity. 


E. Correlation between the pro- 


ductivity and the growth rate of iS s < 
phytoplankton population S =” Ss 
In: the early papers (1954a. 1954b), <3 yy 
we analysed the seasonal change in £ ES 3 
standing crop of phytoplankton on the S 540 © 
basis of the productivity, and it was = < 5 
confirmed that there was a parallelism ~~ 7 2 
between the productivity and_ the 3 220 > 
growth rate of phytoplankton. Such a pe Ss 
parallelism has also been proved ex- E : 


perimentaly by Talling (1955). 
The present study proved the 


(a) 


Jan. feb. Mar Apr May June 


: Fig. 5. Relation between. productivity 
results of these works with field and growth rate of phytoplankton popula- 


experiments. The results obtained at tion. 
the depth of 1 metre in Lake Nakanuma in earlier part of 1956 are shown in Fig. 
5. The feature of seasonal change in photosynthetic rate agreed fairly well with that 
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of growth rate indicated by the increase of chlorophyll per month. As seen in the 
figure, however, there was a little discrepancy between variation curves of photosyn- 
thesis rate and standing crop during early summer. The photosynthetic rate and the 
growth rate were the highest in May and declined gradually thereafter, while the 
standing crop did not attain to the highest value at this time and increased until 
the end of July. Similar results have also been reported by Penfound (1956) who 
measured periodically the standing crop of Typha latifolia. To make clear the cause 
of the seasonal variation of phytoplankton, it seems to be necessary to analyse the 
proportionality between the photosythetic rate and the growth rate on physiological 


basis in future. 


Summary 


(1) Photosynthesis of natural phytoplankton was studied under field condition. The 
amount of phytoplankton was determined by chlorophyll content of lake weter and the 
photosynthetic rate was expressed by oxgen in mg. evolved by one mg. chlorophyll. 
(2) The effect of diurnal change of light intensity on the photosynthesis was _ re- 
markable. The light saturation of the photosynthesis was found at about 50 per cent of 
the surface light and the further increase of light caused even inhibition in photosyn- 
thesis. 

(3) The photosynthetic rate of phytoplankton varied considerably in the course of a 
year and showed two marked pulses in early summer and in autumn. However, the 
feature of variation of photosynthesis much differs with lake types. 

(4) As the maximum photosynthetic activity under field condition, 80 mg.—90 mg. O2/ 
chl.mg./day in eutrophic lake, 30 mg.—40 mg. O2/chl. mg./day in mesotrophic lake and 
10 mg.-20 mg. O2/chl. mg./day in oligotrophic lake were measured respectivelly. 

(5) The photosynthetic capacity relates with the amount of chlorphyll fairly strictly. 
(6) Parallelism between the photosynthetic rate and the growth rate of phytoplank- 
ton population was recognized. 

The author wishes to express his thanks to Prof. M. Monsi and Prof. K. Hogetsu 
for their instructive guidance and advice. This work was surported in part by a grant 
in Aid for Fundamental Scientific Research given to Prof. K. Hogetsu from the Ministry 
of Education. 
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Be@li bv ena vOMES RMAMICAT 45 1 
¥ (1939) USB 2 He (1940 a) CG, HEPE/) BER 
OR (EA OME REM 2 iE L, F3 (1940 
b) ClsHOSROMMITH ) HAROTH *% i 
BRU 72, G54 (1942) Cid, MOMBMBITHL Sn 
BRURITHUET 4 HEE ROR ° FEI ¢ (HOH 
MERLE OMRe HR LIcD, SHICHEL TH 
- ihciheerp mame ae aaa 
Fr A Bet peedaranoeen t BBS 
(1946) ELTAICLTHW IE, lone at 
Wicd, HOHE RO AE £ Bi t ORE Rat 
ROM GL ® adut DCH OR (1958) ELI, Th 
Chic Laubengayer (1946, 1948, 1949), Re- 
eves (1946, 1950), Lenz (1948) wick DF 
MUICHRES STEER eR TIS, Jb bo ea 
2 VAAN OME ROWAN ELAIIZOUT, 
HOOMRBeEBIC Lithia. MEBOR LR 
DWEhY ea a LORE « AR 2 2 
ZICH D, ZONICIAAOREOHZE 
tHe Lich, HEBATSZNOZI%4E O06 
Bo Ha CEN SORE EBMUT, ARTIS 
EBs AITOV CRN BRE AAS. 

AES ROR BMA 

(A PHE D WU & HUE BR OBIE KR © 1G 
OU Tis, EGHHEE Hd> 5 Hcy + IAM ICE 
GTZBRE, VICMERAA Xs % OSH 
, SOMA CHE RSHAL, CHBEO 
(ERIEMNTIEL THIS, BEIT RE RMES RIC Rei 
SABREO 2 BADBEANTOS. WEFOR 
MEDEA AIT T S Plt Louis (1935), 


Dil 


Esau (1942), Reeve (1943), Sterling (1945), 
Kundu and Ras (1954, 1955), Sacher (1955), 
Philipson (1948), Lawalrée (1948), Garrison 
(1949, 1955) Saswegt4s4e 74 G, Sterling 
RU Sacher Opi RMILS HIT DIT CHS 
>, HSN FH MITOWCOMEC HZ, CN 
xt iktoeet LU clk Majumdar (1942), 
Wardlaw (1943), Majumdar and Datta (1946), 
Sterling (1947), Krauss (1948), Gifford (1951) 
ERED COM 2 RUTOS, THHEOHK, 
Krauss O7U?2 Ananas ODADAS BEIT IB 
Are 

RAOb Yea AvITHUI SMA (1958) 1 
UL, FOMAOUA Cis, DAO BA ILIZA 
ele a LVI DIC RIEM TG MAIC AL 
PEs C, BEHES K & ewe SDS, MERE HATE ies 
MBIT ASIF Bs) wORARE % DEGAS TAIT 
RE HES Ri> SNO CH $0 FAITE SB MVE Bi 
ae (CRE RF OMUIAE RIE + OB LUGS, Fi 
F, DSi D Wilke id BME > TB NNTIAUIT, Ah: 
HIT BES TE DIE LU TIMES SITMUT, 
BGS SCA ICR UIT IST, BEIT RE 
HST HRN AM OME L UTHET 4TEC 
HA, CO BDI DO AMEOARAEAY MIL ATARY IF 
NIC ERU RA db O, MARAT OE & EEN OIE 
MEOMIT, ROK S CRG ZEFEDS UIT 
id, HUME ROR Abe b1S CBA SM 
4. IO ae Wardlaw (1943) §» D1 
fi Onoclea CHATS. AIAN AME & HEN 
SHEE, IG <A Mt OA SD, 
bicOM DPS AAZL, REG SAARC O Bete 
LORANARITE SE OCSEWCHSI. CZ 


* A ak eee pen Eyes ~Biological Laboratory, Department of General Education, Nagoya 
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DBL OD AME RO DAGON bla 5 & 
RUSH, BS Sharman (1942) ick4e, b 
YEaAY CLAW OUNOMMAO HiME Kis, 

HEIL MIE D> 6 RIEMITAME LD CARH HES RIC 
tH, (ALM E AS & MO DME KISH 
waitin (disc of leaf insertion) (c4g Oye 
SAB, CAS EITHEA CHITAS ERIC, FE 
ICA CEOMPFOMER EMM TS, JS 
FRU COA DHS BH ATW 4. RAO 
(1946) Cid, IRMITIHES S HIME ROA 
DEH OME Hi d> 5 RIAN Wise DAL 7 CHIT 
Ad, EUAN b OREN IME 7 U CREM 
AONE Riches 4. (HUAN O MORE 
do Tid, MUKVIHES Rb AMD 6 Ol ieee 
IR RANAEe SS, M Esau (1953) | 

&, SPA OME RILZ ¢ nae aa 

SUANIZIHEL, RE BITB 8 RRO TF ANTE 
DIMUT, SHLD BL NCHLT SEAS 

ISRIEM ITIL L CHOATE t ewe T 5. Shar- 
man (1942) OhytuavoOysaicid, BEG 
TSE ARTISTE IT SE > B YEDDA [AINA ST SI eS 
UL, PAE BIER © BAACHOAMEISRBEIN Ch St 
9) 

MINUET RO Ate ik bo ee ay OY 
i> EA CABAL ITP S oUF ClS 7G. he 
Si ROA LOEOMANTA + Td, HMAMIT 
FERRBEOL FORMBE 9 erased 
3541, FEC AMUN 7c ME ED WS 1a, 
A a oe ai LD ZOWM ORB 

WeCld, SAB AME ROU & UT BBC & 
TEUYT EDS dH By CAUITAPBBAE UL AG Tle 
CT, CORLRDTK < DAABRAUL TO SIED, HA 
ALO RENDS IS <a, RT| HY D Jee AES EG 
WOMB AWMOCeHCLAEBAAZSBHNS, COR 
(ABET RGN THU, CO COHLOBS 

% MBA. % HOME E 5 TAS, CRIT ISAS DG 
RDM E 3 WAITS DM OTHES S % 
MICM4TS>5, MAOPBERMINS CH 
DD RUBIA MND D Bs Mi A 
CIP ORE SGN IT PRE STV O TL CHS 
D5, TCOLIICMAR DI CHS, 


HES RK ORE AL 


Ch Y € a a UO RCE i SE L teFal- 
kenberg (1876), Strasburger (1891) DISse, = 


ws 71 eS 837 


man 33 42 3 A 


OH eBUE < CALS B HES RS LALO BIE Bit Et 
Reet SOG, CHR PANGS UE, 
$4 yf VIA IC TELE SD B METS HED ALTE IT AL BS hit 4 
SDefET ENT. 

ee (1 YR) (SERED D Bel DD Fr tc Blo 
NCWAMA MR, PHN? 7 a bh AH 
See ae ae ee 
Ap) fi (paired spikelets) 36 4M, 8 2 2tERE 
itil 7 AER OS BE 6 (BDSM AE UL 72 SE MOKA} aes 
So COR FIRMOMANAISA EIA, BeISGeIT HH 
HB Er D> BA CRICK R LAK LOO Fe 
L, RAICEOWAMITH 4D, MRO 49 Hi 
MILT SE, MMIC ALI TS 4 METER 
AMIcz eS, CNL OMAMITHEs TWIST 
ce. He Cbd 5 TUCHMAN AICP OG 
So, ZHE YO RMON D> 5 ADKU CHAR 
LmotzbObes AROTMeT 4. feo TE 
iti OA WAM ICH CWS HE RS, TRU CBE 
NAO FPF sa ei a 
¥ORUAMITH AOTC, C OME HR % FH 2 HE Cp. 
311) Saidak ‘i (Outermost peripheral 
bundle) £MA?Z, ZG UMAR HAO 
DEA ZERO DAUT PREL, Hila METS oR 
CRE CMe HD TERUTENE ARLE 
Vi ORAB 4AM (p. 530) CARARA HR CCom- 
pound bundle) LIfA?Z, HEF ROTOZR 
WEL O 1 HTC ISG D TE MEIT (LG & Fe 
Wo WTP RICE OWIA BIT YD, POS ORV 
DBMARMILRSOAID>S5 CHA, RUMMBOW 
FrCld, RaW TRAE ISH A 7e 1 ie 7e Ul, fb 
OMAAL—KAUTHWCS ZOE, Bl 
(Fig. 3) 39% (Fig. 2) 33498 (Fig. 3) c 
AUT. (HU AMHES RA OTS ABLAU ZS 1 ig 2 
Wane: ome AAR = OR 

>» RRITHRMARWITBIMNT S56, THE 
ve CESARE CH SZ. BI AZITT OLR 
WELL A AIT LBE Oi D 7D A OC, BIT 
WNSE DIT, FLTOMAR ED BES 4 He 
RIS 2 AIT SAS HEMT 4. TOL GK 
Behe IS) ROMO (82) poMed, 
RUdoS 1 BERL SHO BES ZBL ORIG 2 
ROAALT 1Et RS, MbKOAEICHAR 
iC So MEV T SME RIS, ABAD Ol 
kd SANTA KTS EOC, EC Ory od He 
SONS RISAITABGL, CHUB ORME CIS 
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SSIS AE. CORD SBA, SUR 
HE RODBAROS OL) 2 kite Lon 
Fic 

COL 5 SHE OFFEIL HS 3 M(Fig. 1) Ly 
K LISLIEMKRUCCHeMALTKK, EO 
#@ Sharman (1942) jt bo ea av oORItTHW 
CT, MEE AGE I] & & BO AIC LD BRL tds, 
COLD SMe ART, BAO “HL AOFR 
vb} COR iChhtrttpPote kb hbnNs>, RUMI 
45 < 41°C Laubengayer (1946) as A Ayfyicigg 
TSMR Ze ABIES 2 THER IT OUT, HD CRE 
REE ROM KITG AL, Reeves (1946, 
1950), Laubengayer (1948, 1949), Cutler and 
Cutler (1948) & rl Rese RAC C NEHGS 4 Ic 
#572, Cutler and Cutler 77it jt 284oOM1 
JOBS 3 Re — ISS | FASC AIT TOS DS, FE 
BRICZERG LTR FUSS < PST US fA TZ , 
{LD 2 OWN Laubengayer (1949) (Xie Reh LL 
DY Cie REY O AEE AGE [A ack LL TWA DS, T 
Dat RAO 1H (1939) 82 He (1940 a) 
CBC MEULTWOS, RICLAL, MRM ME 
HA ORES RO — Re lia: (i CHT, = 
Pale 2 PRN OMG LS TWS 

BAO) RABE HK © ARH RO aE 
% Laubengayer (1948) js ZH 4H Outer 
system, Inner system 2 IfU, Reeves (1950) 


jiPeripheral system, Axial system tA 
72, eR GC CRE G6 HL 7c )~Reeves 
(1953) &fROWICIE CORIEOFIE? GMA 
< ICB x TUES 
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FEM MEMMNICM OAT Sib ats) ic} 
BAVA HE SHEIK O HEMET ER, iro eycee 
HEE R LIER 4 ODE © APE ITO T 
ee 
BR ERERICOUTHAMICREU TRUK. 

Midst Ris Arber (1930) D255 Wl < SEA 
SUM OMDBITHKST 4b OCS, EOS S 
DRAKA MME RE UCIMEULIEIT, MRO 
HLADBMBMAITDIES SE OC, HAART 
KR TORN CHS, ARUBA KROACILE 
SHCRUKE DIT, ZOPRBD 5D) 
ROC, KOGW ABA R EO AEA Al 


Hee LE UL CAMGS SC, COM OBAD, 
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Za HLA D> 5 NORE METT ROSES S FIO) & OURS 
Wa D DSU, FE > CHAE MENT Rik tN AED HEHE 
CIS MAMUICHMAL, MAND bAD CARE 
D>) OME, HWE se ceie a Ulenae 

Clt, HNIMEA KR & € OLEMAROD(LEHWO WS 
saci ae 

FASE TSR & (WME MB EY & DKS BUR 
(Co. Tlkd, De Bary (1877), van Tieghem 
(1884), Guillaud (1878), Strasburger (1891), 
Bugnon (1920), Arber (1930) 2 M(tho FUfweas 
HAD, Lhienie4EDO Sharman (1942) ORY 
EAA VOMMITKIUE, MAM RISB E D4 
ANEMONES HR EHUGT SEU, MBE 
RO ROM & BBS TOS, RUMROMIEIS 
HICCORITOABEAUIAO CSD S, Fd 
UB} PEAMITE > TUNEL, 

TOC OROWMH (86 WO) ITLSL, Be 
ie ap rent NALS a tae 

ZOUAeSRAICL, MIMELAERML & 
ee ee 
METS AK IT BES S PAUASE BS AVTWIS . FRUAK 
Bh ° FEDS « ABA HIAEHE RICE AS St 7S 
UES HER 7ST ISIS CFE BAVC ZEW, SUES 
PATER 2 AATWOR CH, KMOMA SAAS 
LVCIX, Wh SAO METS RD SFELE ST 4 BSED TAL 
(E, HWA PATER O MEK & SOARES HR & Dats 
DEEL SNAZBACE, COMA A 
ARR HA a eee PRONE ORE UL 
COAYFITES ZENO EDLEBASN44 
alee ew ei ea AG 
To < MURGHE DIET Sd SAI, LA 
Z DTI CHHITHEA UL TH IHEDA & RO 
MABE Lb, (MR DPAMIO A: BINS seis li a 
DIMITHHET 4 E OCHS 5~ 


HELE COMERS 

hE TY OMPAAO Laid HM 5 U 
IL LIZMES NIB, MAPASOTC, Aes ldEe 
fil) IC ZGLE DS 4 OR Ry 11 Ht) OD tw EAsAE 
Figg PU-- A ee, FAO 8 MANIC EL YD FE MAD 
5 [A 72 3h U TRESS 3 LICH, EOHICS 
HED ARIE [a Dati hac (Fig. 1) CAUT. 
A (LLEWA % E OFEMIO L. CKO 3 WITHA AY 
SE Gay Ne 1G NM Mie 

5 1 BY: SL BME ER wb BEL CBI 
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fi SS HEITA DIAM 4 OC, KHO 4 OI bR 
£, IHD DISHE< ADUA, ECOAMICHX O 
RiEepS ad 5 -C, Strasburger (1891) AZ ORE 
Ck O 3AICMA UIC. 

H2M: COMIC CHITAD Teo & 
<, ICRA BME RICA ST S pM OREDA 
G, Strasburger [400 *MIT2 HITKDUT 
WS 

BY 3 HY: SORIA D teed JA SEY HES IT E 
CHEUTUCHRMT 44 OC, MOU Me < Chie 
ELL, BEB ALER CELE TIC) \ SEED Cd 

A 1 MOP MARISTA SECIS, FBO 
(CZ D PRR PED DS, BOITA DACP RINT T 
DMRS ST SD, Mlk TC OMLRTE FED 6 
AWE CRB AICHE OME STARTS. RU 
FEA OK VMBAIZ db > T ld, SORSRALRK HA IZ 
1~3 [HOU TSHEE Re AA CIS, THR 
Esau (1943) (ddr OME RDS Hh O REAL 
CHR aniZzsDe Mews, BA 2H) d 
gE Al 2 FE UHR ITE AL, COUP MER Rit 
HOH CaM BIS, MITA MIE BARD? SEMA ME 
OMA PES MISTReH pT bo, Madre 
<KMUERA CAMEL, UAB RICA 
UTT 3. Ea TRIED FH 2 WOPDAO 1 fet 
LAsIl es <5 

HE [DS AAT 75S OILS 1 LOWE KAAITOVVT 
CHS. MAD CAAIL 1 Hi CHE OLEMITA 
DiAA, ON 2 HLL EP CMARIAUIBRS Bit > 4 t 
D, 1 BCI LERNER <A DIAA, FNLEO 
1-2 fi CRICRBAAD, CORBOWAMBAit 
TIT ZEOBHASD. WHKOWMG L M7 ZEB AIS 
KOI) CHS, 

L) HEN AD AA THERAPIE AB AT St 
b, RU CRUISE RERENILA BS, Ek 
DRAG ICH Ko TUT, BALES PEOIN Fab E 
CRDIW, MASTS ENIAC BNHOVW 
D A MHEE RR 2 HET BDU CHS 

2) PEBAIL POM CARMEN REICABSS 
DAMS 8, al —HED> 5 ASE L THEA ILD HE A» 
DHS URE L LIELIZABL, TCHDBHO 
TAU EC 3S J, 

3) NA > CHT HEMAIS FLD Mie CH A 
NEBIT BIT4 DO, DEUS RMITHAA + TH 
TED WIA BAWITST 4 LIBS, te 
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HEAD LOBED & (ADEA S AVS CHE 
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AIHA LC A RRHEE RERITA DO, HAC ADE ST 
AM MAIS 7 MHA Eb MicTHET 4 EOS } 
SD, Miki SHES S 6 OILE a CA < HOB 
LAS NICE, AWM RERITA 4 OD eis 
ETS. 

aoe its Sharman (1942), Esau (1943) 
PRO hVED AV OPPAe SZ < OMMITA 
biBBKULizes, BAEOMRMICeMLCoO, chet 
BU EUR SE O A BRUT thal 8 75 
VW. SMASH AO PHltTe L CGA BBE 
REICH AUS, CORBI CHIN EY URE 
FA CAUSTIC, WA i ER 
AEDS BPN HEPA IT RD 72 YL OFFHLE Ch ST 
CIAO CH SS, FMAM SOW) BS 
BTU CHM RC BFA SNS EETICHEDT 
WA, MBZUBITs hy eus3a Vy ORMAORDM 
CEA SRS ZEUS 


lak & EHH EL OEE RH 


(WEE: Gh) DEE RES (ZOU ORR AHS TS 
(tMiller and Wetmore (1946) 4% #843430 
0, BUERIZAFED CHSD, ITA ABITH 
Cit S OREN KR & SURIMES HRD FF ZEIT E 
0, TEWEITIBIES 4 DIS AHECH S. Eo TH < 
de Bary (1877) j3x€ Bugnon (1920, 1924), 
Arber (1930) €O{UDWIIS SSH, PTH 
Ws Lag 6 IVC zu, Ee AE de Bary 
Omit bhVERAVYOBATCS, MAM CAM 
HINT HEE L REM OIA TRAE AGT SL DS 
TEU C, FEAR 7B RR D RET Ze BEM ST BT 
CDSE, TZU b-AWMRITE Z ArberM 
DRI EIL, MAE DDO HEE 2 Bh OE 
LKtOC, COPMPIERMITHAT LUTE, 
OWES ¢ RHI OME RMS OA LARS 8 OCIL 
TARDY 

hVEHIVOYA, MWRCUTH b HE RAC 
IND MRE 7S D (SE BE TE ni INE TAH SB BEG 
HS. |\PULPHB 1 Ha AEA IT MU HE HB DS A — 
UL, BEND LP CAVEUL TOS OTC, Be CA 
1%) ILCOL MSN RMEMAT, THis 
ED 2 MAATITAE SS & 2 Ds FEDHRA Lic § O 
tdi Bahan, AKI 1 MORWE CHD 1 
Mil DWAR Cab ST & 1X Lindstrom (1925), Wea- 
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therwax (1927), Singleton (1947), Cutler 
and Cutler (1948), Reeves (1950), Nickerson 
(1954), Galinot (1954) 77; YOM RDS } Wt, 

PALA BE & EMI L D se MEH (SEIT AY 1 
2 CUNT CDS, SOM %wMStH ITB LI 
} OH 6 HM Fig. 2,3~4 CHA, MEA 
FEED CISL AUR ICBO HE RD SEL TT 1 BE te 
Ly SOA IT BU D EFF AEDS RZ AR D fl 2 GE 
UCHHET SDS, TAZ) BED MAHESH UE BAIN 
OBE ACHE AAUT, #2 Fig. 1, 4 
CHAM, WHEM ER RDBMS Lic l He 
ISTP, WITCH 2 TU THO Ae HE 
BREABT SA. WFEMORBIS Hy RE eB 
A CHAD 56 1 {BOTH L, CHDBAAUCE 
HBGHE 75 & MURR OME RE 7 A % PB DO Mh (Esau 
(1953) Eames and MacDaniels (1947)) +4 
P65, COR LAOBAI, WPBMONALM 
HEDS7OV, (AU MER RD WE & SD Mie Liz 
BERS 56, BITCH ZR SHC 
& 70, Reeves (1950) ICkLSt, AP BOM 
CISA AOR E UL THLUT 1 AO HER HDS 
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Summary 


In this series of papers, the writer has traced the vascular strands of the spikelet 
(1940a), the male inflorescence axis (1939), the axillary shoot (1958), the leaf (1940b) 
and the adventitious root (1958) to the mother axis with a view to examine their 
behaviours, and he has also studied the origin and structure of the nodal plexus (1942) 
and the developmental order of the vertical bundles of the stem (1946). Consequently 
general consideration to the vascular construction has been given in this paper with 
special reference to the vascular connection of the lateral organs with their mother 
axis. 

As pointed out previously (1940b, 1942), two systems of vascular bundles, one in- 
side of the other and independent without being directly connected with each other, 
are distinguished throughout the cauline axis: the outermost peripheral bundles and 
the compound ones constitute respectively an outer system and an inner system at 
rather peripheral regions of the axis. The trace bundles from the lateral organs, i. e. 
the spikelet, the secondary inflorescence axis, the axillary shoot, the leaf and the 
adventitious root, are equally connected with those two bundle systems of the mother 
axis. Although in the case of the lateral shoot subtended by a foliar leaf, the 
behaviour of branch trace strands are greatly modified and complicated, owing to 
a large number of bundles, the presence of leaf traces and the development of 
nodal plexus, the fundamental pattern of the vascular connection with the mother 
axis is interpreted to be homologous to the case of dicotyledonous plants, if the 
horizontal vascular plexus is left out of consideration. The only significant diffe- 
rence of vascular construction between maize and dicotyledonous plants is that the 
vascular system in maize is of dicyclic construction from the first foliar node 
upwards to the pedicel of the spikelet. 

The lateral organs of phyllome nature, except the floral phyllomes, bring 
about the multilacunar nodal structure of the mother axis, while those of cauline 
nature bring about the unilacunar, regardless of their vascular constructions 
which are complicated as in the axillary shoot or simple as in the pedicel of 


the spikelet 
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The writer has studied the vascular courses in some representatives of mono- 
cotyledonous families. Although the results of his special observations have not 
yet been published, he has formed a conception that the scattered vascular system 
of many monocotyledonous plants may be interpreted as of the dicyclic construction, 
the inner vascular system being situated at the centre of the axis in some species 
and at rather peripheral regions of the axis in other species. The dicyclic theory 


of vascular construction in monocotyledons was advanced by the writer (1950) pre- 


liminarily in Japanese. 
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Flower Promoting Effect of Gibberellin 


in Hrigeron annuus 
by Mitsuro OkuDA* 


FARGEB*: EX Ys AVYICMTAYNVY YORATERUEVER 


Received February 24, 1958 


Erigeron annuus, a biennial plant, remains in the rosette form in the first year 
under either short, long, or natural day condition, but flowers readily under long 
day condition when it is vernalized by cold temperature. Plants is rosette form were 
collected and transplanted in 20cm pots, and they were grown under short or long 
day condition. Aqueous gibberellin** solution of 10 mg./l was sprayed on leaves every 
day for a month from June 8, 1957. 

Consequently, bolting and flowering were observed after 60 days from the begin- 
ning of the treatment under long day condition. Under short day condition bolting 
was observed but no floral initiation was produced. Stem elongation ceased if the 
gibberellin treatment was discontinued and the plants formed rosette leaves again. 
In such plants, flowering was observed without stem elongation, if they were trans- 
ferred to long day condition. 

Various kinds of abnormality were observed in the plants treated with gibberellin, 
they were as follows; 1) colour paler than normal, 2) abnormality in the leaf shade, 
3) slender stem, and 4) poor hair on the stem. 

From the above mentioned results it was deduced that gibberellin has the same 
effects as “ Vernalin” for Lvigeron plant. 


References: 1) Lang, A., Naturwiss. 43: 284 (1956). 2) Bukovac, M.J. and Wittwer S.H., 
Quart. Bull. Michigan Agric. Exp. Station, Michigan State Univ. 39: 650 (1957). 


* Biological Institute, Yoshida College, Kyoto Uuiversity, Kyoto. Japan. 
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** The used gibberellin is the product of Kyowa Fermentation Industry Conbtds diolsy.o; 
and is the mixture of gibberellin A; and A3. Gibberellin A3 is gibberellic acid and is 
contained more than 80 per cent of the mixture, 
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Histochemical Studies on the Starch Formation from 
Various Sugars in Relation to the Permeability 
of Potato Tuber Cells 
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There is no doubt to consider that the penetration of sugars into the cells of storage 
organs is an essential step for the starch accumulation in these organs. Nevertheless, 
plant cells are generally known to be slightly permeable to sugars (Yamaha, 1949; 
Curtis and Clark, 1950). Previous findings of the author (Hori, 1954, 1955, 1956) that 
a considerably long time was required for the formation of starch from sugars within 
the cells of storage organs such as potato tuber, maize kernel and sweet potato tuber 
seem to indicate low permeability to sugars of these organs. In our studies it was 
observed that from certain kinds of sugars starch was formed abundantly without 
plasmolysis of the cell, while none or but slight amount of starch was produced 
from other sugars which caused in most cases plasmolysis of the cell. These findings 
suggest the existence of a trend that sugars favouring the starch formation in the 
cell are more permeable and vice versa. 

In view of these observations the author tried to investigate the starch formation 
in potato tuber cells from various sugars in connection with the permeability of the 


cells to these sugars. 


Materials and Methods 


Materials used in this investigation were small-sized, starch free potato tubers, 
less than 4 mm in diameter and almost at the developmental stage of so-called “ stolon”. 
The method of removing storage starch from the tubers was the same as described 
previously (Hori, 1954, 1956). 

Sugars used in the experiments were sucrose, maltose, lactose, p-glucose, p-fruc- 
tose, p-galactose, p-mannose, p-xylose and 1-arabinose. Concentrations of the sugar 
solutions employed were 0.2, 0.5 and 0.8 M. 

About 2.0 ml. of each sugar solution was put ina small Petri dish of about 45 mm 
in diameter, in which 3 or 4 starch free tubers were inversely placed with the stalks 
immersed in the liquid, so that the tubers were exposed to air. These Petri dishes 
with the tubers were then placed in another large covered Petri dish containing a 


* Biological Institute of Kushiro Branch, Hokkaido Gakugei University, Kushiro, Japan. 4 
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small amount of water at the bottom to prevent the tubers from drying as well as 
to prevent the change of sugar concentration by evaporation and kept in an incubator 
at constant temperatures ranging from 15° to 30° for various periods from 4 to 48 
hours. 

After periods of 4, 24 and 48 hours, microscopic sections were prepared from each 
tuber and inspected for the occurrence of plasmolysis as well as for the formation 
of starch with iodine. As a control tubers were similarly incubated in tap water in 


place of sugar solutions. 
Results 


Tubers were incubated respectively in 0.2, 0.5 and 0.8 M solutions of sugars at 
different temperatures from 15° to 30°. The results are given in Table 1. 
Table 1. Starch formations and occurrences of plasmolysis in potato tuber 


cells incubated in various kinds of sugar solutions as well as in tap water at 
different temperatures, 


Temperature(C°) ; 15° | 20° : 30° 


Concentration(M) 0.2 | 0.5 | 08 | 02 | 05 | 08 | 02 | 05 | 0.8 


Incubation time(hr.) 
|, 42448 | 42448 : 42448 : 42448: 424 48 ; 42448 | 42448 42448 | 42448 


Sugars tested 


oO tH. te Oo tit® Ht O@® 
O +# ++ C® HH ++ 000 


Sucrose : +E ie | “HE Ht @) 
eat ® 
Dactose PE ONO OO! Sarr OCT COr +t CO ltoe 
| 2 : 
© 


Maltose : + ft Ore 


p-glucose +t +4 ©O Hit Hi +4" HH Ha +4 
D-fructose | + ++ O O©O Pa ae e008 | ae +*O O® 0 OO 
p-galactoe == +4 «=O000 HH* C000 +000008 
D-mannose | on ere i ©O : eR@IOIO) @ d08 ©O® 
p xylose +H) 08 0® + 00000 +008@0060 
L-arabinose : 0® ©© e 06®@ ©0e . fo C® rer) 
Crea in | as 48 hr, 


Starch formations are indicated in: +, starch size of 1—2 wo; +f, that of 3—45 4 that 
of 5—6y; and Ht, that of above 7p. The mark * represents no more formation of starch 
ante further 23 hours. Occurrences of plasmolysis are indicated in: ©, occurred 
slightly; @, occurred less strongly; and ©, occurred strongly. The sign e indicates 


an occurrence of decay. 
It can be seen from this table that at a concentration of 0.2 M none of the sugars 
employed caused plasmolysis. But, in the experiments with higher concentrations of 
the sugars applied, more or less strong plasmolysis occurred in all of the tuber cells 
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Those sugars which caused the rot of the tubers during the incubation seemed to be 
rather harmful to the tuber cells under these conditions of incubation. 

Of the sugars used, p-mannose and 1-arabinose failed to form starch at all at 
every temperature tested. From other sugars starch was shown to be formed. How- 
ever, the amount of starch produced in the tubers varied considerably depending on 
the kind of sugars and temperature. It was observed that the increase in concentra- 
tion of sugars resulted in the diminution of the sugar kinds capable of forming starch 
in the tubers with the concomitant increase in frequency of the occurrence of plas- 
molysis at every temperature tested. Glucose was the only sugar capable of forming 
starch with a high concentration of the sugar, but the amount of starch produced 
remained small. It seems interesting that the starch formation always occurred 
only in the tuber cells which showed no plasmolysis. 

The amounts of starch indicated in the table were determined roughly by the 
estimation of size of starch grains in the same way as reported previously (Hori, 1956). 

It was thus found from these results that the starch formation from sugars in 
potato tuber cells was markedly influenced by the concentration of sugar applied and 
the temperature at which the tuber was incubated. From this point of view, the pre- 
sent data do not contradict with the results obtained previously by the author (1954) 
that 10 and 1.0 per cent (=ca. 0.55 and 0.05 M) solutions of fructose, and 10 per cent 
solution of galactose did not cause starch formation in the tuber cells at 25°—30°. 

Throughout the experiments, the tubers in which cells were plasmolysed became 
more or less soft, and no deplasmolysis could be observed within 48 hours. However, 
upon transferring the plasmolysed tubers back to water, the plasmolysis disappeared 
indicating that the cells were not irreversibly injured. 

Starch free tubers treated with tap water in place of sugar solutions formed no 
starch at all and tended to rot later. The decay took place rapidly at higher tem- 
peratures, viz. within 48 hours at 20°—30°, while at a lower temperature of 15° the 
tubers survived more than 48 hours. On the contrary those tubers incubated in 
sugar solutions, and forming starch in the cell became more healthy than ever, 


with their tissues turgid and opaque in colour. 
Discussion 


Of the sugars tested for the starch formation in the potato tuber, p-mannose and 
L-arabinose were found to be completely inert. As these two sugars did not form 
starch even at a concentration of 0.2 M, where no plasmolysis was observed, the in- 
ability in starch formation of these sugars cannot be ascribed to any injury which 
should be indicated by plasmolysis of the plasma-membrane on account of their 
possible impermeability. It may well be that the tuber cells are lacking in the enzyme 
system which converts these two sugars into starch. 

A noticeable parallelism was found between the presence of plasmolysis and the 
absence of starch formation, It is considered probable that the tuber cells are able 
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to take up sugar molecules from hypertonic solution, in which plasmolysis naturally 
takes place. The lack of starch formation, as the author has found, by tuber cells in 
such solutions indicates that some changes in the physico-chemical properties of the 
plasma-membrane can occur as a result of plasmolysis, leading to the blockade of the 
sugar penetration. 

The degree of plasmolysis which occurred in the tuber cells at comparable sugar 
concentrations varied depending upon the type of sugar with which the tubers were 
incubated. From the degree of plasmolysis, the rate of penetration of the sugars 
may be roughly estimated as follows: 

Glucose>sucrose>maltose and lactose>fructose, galactose and mannose>xylose 
and arabinose. 

Obviously these results cannot be explained by a simple mechanical model pre- 
sumed in termes of the “ Ultrafilter theory” of Traube. 

On the other hand, availability for starch formation of sugars can be obtained 
from the amount of starch tormed from these sugars. Approximately, it is in the 
following order: 

Glucose and sucrose>mlatose>lactose>fructose and galactose > xylose. 

Between these two sugar series a marked parallelism can readily be noticed. These 
results seem to indicate that those sugars which induce more starch formation are 
more permeable to the cells of the potato tuber. 


Summary 


The starch formation in potato tuber cells from various sugars was investigated 
histochemically with reference to the permeability of the cells to these sugars. 

The availability of sugars for the starch formation in potato tuber was as follows: 

Glucose and sucrose>maltose>lactose>fructose and galactose > xylose. 

Mannose and arabinose were ineffective for the starch formation. 

From the plasmolysis data the permeability of the sugars tested to the tuber cells 
may be considered to be in the following order: 

Glucose>sucrose > maltose >lactose>fructose, galactose and mannose>xylose and 
arabinose. 


The author wishes to express his sincere appreciation to Prof. T. Miwa of the 
Tokyo University of Education tor the preparation of this manuscript. 
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In continuation to the preceding papers in which the author enumerated the 
members of Hyphomycetes on such substrata as dung (1954), higher fungi (1955) 
and fresh water (1957), he proposes now to enumerate some fungi which are observed 
on various natural sources. In this fourth report, some additional and miscellaneous 
species of Hyphomycetes are described together with a species of the Zoopagaceae 
which is treated as an imperfect fungus in this study. 

Acaulopage_ tetraceros 
Drechsler, in Mycologia 27: 195 
(1935); Duddington, in Trans. 
Brit. Mycol. Soc. 33:121 (1950). 

Mycelium slender, non sep- 
tate, sparingly branched, 1-2 yu 
in diam., hyaline. Conidia borne 
singly on the apices of short 
branches of the hyphae, inverted 
bottle-shape with usually three 
to five, needle-shape, empty ap- 
pendages which are produced 
from the broad distal ends of 
conidia. Conidia, 18-25 (27) x 5.5- 
9.0 w, hyaline; appendages, 15-25 
x 1.0-2.0 », hyaline. 

Hab. On submerged leaves 
of Cercidyphyllum japonicum, Bot. 
Gard., Sapporo, Hokkaido (July, 
1956). 

This species was described 
by Drechsler as predacious on 
Amoebae and other Protozoa, 
capturing their prey by adhesion Fig. 1. Aquatic spores of Acaulopage tetraceros 
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to the mycelium. However, this capturing organ could not be observed in the present 
strain at all. 
This strain could not be cultivated on any usual culture media. 

Although this is taken as 
the member of the Zoopagaceae 
of Phycomycetes by some mycol- 
ogists, the present author treats 
this as one of the imperfect 
fungi. 

Arthrobotrys arthrobotry- 
oides (Ber lese) Lindau, in Raben- 
horst, Knypt. Wily Pilzessegokt 
(1907) ; Drechsler, in Mycologia 
36: 145 (1944). 

Growth on malt agar 
luxuriant, broadly spreading, 


loosely floccose, at first white, 
then becoming pale | orange 
colour. Aerial hyphae well 
developed, branched, septate, 


102 
————— 


2.0-2.5 w in diam., hyaline. Con- 
idiophores erect from trailing 
hyphae, robust, . septate, un- 
branched, 200-500 »% long, 4.0- 
6.0 win diam., inflated at apices 


Fig. 2. Arthrobotrys arthrobotryoides 
A. Conidiophores bearing conidia B. Conidia C. Habit 


and at points below the apices; 
each capitate node bears bluntly 
short sterigmata-like protuber- 
ances on which 5-10 conidia are 
produced, and the arrangement 
of nodes isnot so regular, often 
shows sinuous appearance in the 
whole shape of conidiophores. 
Conidia didymous, with acute 
points at the base, oblong, slight- 
ly constricted at the septa; two 
cells are nearly of equal length, 
often the lower cell is slightly 


Fig. 3. Hyphal network of Arth. arthrobotryoides with largerthan the upper; (15) 20- 
a captured eelworm 23 x9-10 w, hyaline. 
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Predacious. Short lateral branches, measuring 4-6 in diam., are produced from 
the mycelial curl and form the hyphal loops. In these netwooks, eelworms are 
captured, killed and consumed as seen in Arth. oligospora. 

Hab. On dead leaves of Acer sp., Bot. Gard., Sapporo, Hokkaido (Aug., 1956). 

This species is peculiar in the arrangement of the capitate nodes of the conidio- 
phores and also in the oblong conidia which consist of nearly equal sized two cells. 

Dactylella atractoides Drechsler, in Mycologia 35: 360 (1943). 

Growth on malt agar, slow, hardly wrinkled, consisting of scarce aerial hyphae, 
pure white at first, then becoming pale pinkish coloured; after long time, aerial 
hyphae develop at rather marginal area of the colony producing conidia; reverse 
pale pinkish coloured. 

Aerial hyphae slender, simple or rarely fasciculate, irregularly branched, 2.0-2.5 wu 
in diam., hyaline. Conidiophores scarcely produced on malt agar, but on oat meal 
agar inoculated with sterilized 
leaves of Musa, much sporu- 
lation can be observed. Conidio- 
phores erect from aerial or 
ascending hyphae, — straight, 
much septate, producing conidia 
at the apices of simple or 
branched conidiophores, and 
new growing points develop near 
the base of the previous conidia. 
The conidiophore measuring 
253 in diam, “therefore, 
becoming extensively ramose as 
the results of the pronounced 
irregularity of the branching. 
Conidia commonly 5-20 on each 
fructification, fusiform,  0c- 
casionally clavate, straight or 
often somewhat curved, usually 
10-12 celled, 30-80 x 9-10 p, 


gine Fig. 4. Dactylella atractoides 
Hab. On dead leaves of Musa A. Conidiophores with mature and immature 
basjoo, Mejiro, Tokyo(Sept., 1956). conidia B. Conidia 


This species is peculiar among the members of Dactylella in its characteristic 


spore shape. 

Sporobolomyces coralliformis Tubaki sp. nov. 

In musto maltato sedimentum pelliculumque formantur. Pelliculum primo tenue 
rosaceum mucosum, deinde incrassatum tenax rugosum, e cellulis ballistosporis et 


hyphis compositum. Cultura in agarico maltato restricte expansa mucilaginosa, 
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mucosa vel farinacea, rugulosa, margine fimbriata, salmonea. Cellulae ovoideae vel 
ellipsoideae 6.5-10.5x3.5-6.0 uw.  Ballistosporae reniformes 7-8.5x3.5-5 mu, pallide 
salmoneae, germinando promycelium singularis elongatum productae. Sterigmata ex 
promycelio lateraliter vel terminaliter productae numerosae (plerumque 5-8), corni- 
formes raro bifidae 8-27 4 longae 2-5 crassae. Hyphae septatae ramosae, 3.5-7 w 
crassae. Chlamydosporae sphaeroideae vel ovoideae 10-12 in diam, hyalinae vel pal- 
lide fuscescentes. Fermentatio nullus. Nitras kalicus assimilatur. In medio minerali 
cum alcohole aethylico non crescit. } 

In malt extract, thin, pinkish, pasty pellicle is formed which becoming thick, 
tough, heavily wrinkled at age. The liquid is at first turbid, and sediment is formed 
after a month. This pellicle consists of budding cells, irregularly formed sterigmata, 
ballistospores and true hyphae. 

On malt agar, growth is rather restrict, mucilaginous, pasty or powdery, wrinkled, 


Fig. 5. Sporobolomyces coralliformis 


A. Ballistospores B. Coralloid sterigmata producing many denticles 
C. Vegetative cells D. Chlamydospores 
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with prostrating hyphae at marginal area of the colony, salmon-pink coloured; mirror 
images of the colony are obtained on the covers of inverted plates. 

Cells are ovoid or ellipsoid, 6.5-10.5 x3.5-6.0 uw. ~Ballistospores reniform-lunate 
(kidney shape) (7.0) 7.5-8.5 x 3.5-4.0 (5.0) ps, hyaline and salmon pink in mass, germinate, 
sending out one elongated promycelium on which short sterigmata are borne. Bal- 
listospores may bud producing blastospores, and also are produced from the promycelium 
on short sterigmata. Sterigmata are formed on cells, ballistospores and characteirsti- 
cally on lateral side of the promycelium in abundant, continuous or forked; (8) 10-20 
(27) » long, 2.0-4.5 (5.0) » in diam. Hyphae are formed at rather marginal area of 
the colony, septate, branched, commonly 3.5-5.5 (7.0) « in diam. The tips of filaments 
may or may not bear the ballistospores. Abundant chlamydospores are formed, thick 
walled, sphaeroid or ovoid, 10-12 in diam., hyaline or pale brown coloured. 

No fermentation occured. 

Sugar assimilation: Glucose+, Maltose+, Galactose—, Lactose—, Saccharose— 

Nitrogen assimilation: Potassium nitrate+, Ammonium sulphate+, Petone-+, 

Asparagine+ 

Ethanol as sole source of carbon: not grow. 

At 37°: not grow. 

Hab. Isolated from the fruit-body of Exidia sp., Mt. Ashiwada, Yamanashi Pref. 
(Oct., 1955). 

Type specimen is preserved in the Nagao Institute, Tokyo, Japan. In culture of 
this fungus, pinkish coloured cells bud and produce numerous ballistospores which 
are reproduced by repetition. This cultural stage is closely agreeable to those of 
previously described Sforobolomyces (Tubaki, 1953). Sterigmata bearing ballistospores 
are commonly produced at the lateral side of the cells and sometimes irregularly 
prolonged like those of Sp. roseus. In addition to the above characters, this fungus 
also produces true hyphae from the marginal part of the colony. The hyphae are 
septate and somewhat sinuous, and produce rather long sterigmata. The curious 
feature of this fungus is to have numerous conspicuous sterigmata with single bal- 
listospores. It is another peculiar character that abundant chlamydospores are produced, 
associated with many budding cells in old culture. 

In producing true hyphae as well as in physiological characters, this fungus 
agrees closely with Sp. salmonicolor. Because of the presence of promycelium which 
forms pleurogenously many sterigmata (denticles), this can be clearly separated from 
Sp. salmonicolor. In the mode of production of chlamydospores, this is near Sporidiobolus, 
but differs from the latter in absence of clump-connection on hyphae. Therefore, the 
present fungus seems to be the intermediate form of Sporobolomyces and Sporidiobolus. 

It is interesting that this fungus was isolated from the surface of fruit-body of 
Exidia. As stated by Martin (1952), the manner in which the ballistospores are 
formed is exactly that of the germination by repetition, characteristic of many species 
of Tremellales, and it may be pointed, though it is no more than a speculation, that 
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the Sporobolomycetaceae may be justifiable to be included provisionally among the 
Tremellales. Hereupon, it is interesting to compare the imperfect stage of xidia with 
Sporobolomyces. From the result of the cultivation of some species of Exidia, however, 
there are no certain similarities between the cultivation of Exidia and Sporobolomyces. 

No perfect stage of the present fungus could be obtained in the assorted culture 
with fourteen type-cultures of Sporobolomyces which are originated from Centraalbureau 
voor Schimmelcultures and Nagao Institute. 

When several dilution transfers were taken on malt agar plates, two types of 
colonies were resulted. This fact is also common in the cultures of Sporobolomyces and 
Sporidiobolus. The original type is pasty, and then, the very mucous and non-mucous 
types appear as the result of cultivation on agar media. These two types of colonies 
are shown in the plates. The non-mucous (often powdery) type seems dominant with 
numerous chlamydospores, which are scanty in mucous type. 

Because of the fact that the state of carotenoid-pigment does not always show the 
coloration of yeast as stated by 
Dr. Nakayama (1954), the present 
author considers that at least the 
absorption spectra of the pig- 
ment must be added in the de- 
scription of new yeast species, 
especially in red yeast. Ac- 
cordingly, in the present study, 
the living material was examined 


Spectrophotometrically in a 


Absorkance 


Beckman DU Spectrophotometer 
at a spectral band width of 10,4 


° 
w 


by using the Shibata’s method. 
Absorption maxima in this 
fungus were 410, 470 and 490 in 
millimicrons as shown in Fig. 6. 


(e) Ae ee ee 
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Tnvesitahe an ait Much of this work was 
Fig. 6. Absorption spectra of living meterial indebted to Dr. K. Kominami 

of Sporobolomyces coralliformis and Dr. Y. Kobayasi to whom 

the writer owes thanks for their constant guidances. He is also indebted to Dr. K. 
Shibata, Tokugawa Institute for Biological Research in Tokyo, for pursuing the test 


on absorption spectra of Sp. coralliformis. 
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Fig. 7. A. Arthrobotrys arthrobotryoides, x\.6 
B. Dactylella atractoides, x2 
C-E. Sporobolomyces coralliformis 
C. original type, x 0.8 
Di meinicOuls type meal 
E. non-mucous type, x0.8 
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It has been known in some orchids that the pollinated stigma cells as well as 
the pollinia themselves on the stigma are disorganized and turn brown in a few days 
after pollination (5, 6, 8). For example, in self-pollination of Notylia, the pheno- 
menon occurs two days after pollination and the flower soon falls off (6). Fitting 
showed in his well-known work on “pollen hormone” (1,2) that pollination brings 
about visible, rapid changes of the various floral organs in orchids. It was also re- 
ported by Strasburger (8) that when the pollen grains of Agapanthus umbellatus and 
of Nicotiana Tabacum germinated on the stigma of Achimenes grandiflora, the stigmatic 
portions with which the pollen tubes had been in contact turned brown and perished. 
Also it was noted by Robinsohn (7) that the stigma of /Juglans turned brown at the 
portion where the pollen tube had entered. 

Recently an immediate change of stigma cells by pollination has been found by 
Kato (3) in Secale cereale. The stigma cells to which a pollen grain attaches are 
stained deeply with aceto-carmine or other aqueous solutions of various dyes, showing 
clear contrast with those free from pollen. This phenomenon (stigma reaction) was 
recognized by Kato and Watanabe (4) to be found among all gramineous plants 
observed: in intra-specific as well as inter-generic pollination. These amount, in 
intra-specific pollination, to 57 species, belonging to 37 genera, and 38 combinations 
in inter-generic pollinations (4). 

In the course of the above study (4), the present author has observed, in each 
of the cases, withering of pollinated stigma cells), one of the stigma reaction (3). 
The detailed observations of the withering phenomenon are the subject of this paper. 


Materials and Methods 


Barley, common wheat, rye, einkorn wheat, maize and rice were mainly used as 
materials for study. A mature feathery stigma taken out from a floret was placed 
on a slide glass and pollinated with fresh pollen directly from a dehiscing anther. 
In the case of preserved, shrivelled pollen, the pollination was done by means of a 
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small hair-pencil. The preparation thus made was put in a Petri-dish and observed 
under a microscope at a certain time after pollination. In some cases, the preparation 
was immediately placed under the microscope and observed continuously from the 
beginning, in order to see all details of the withering process. Besides these, stigmas 


which were pollinated naturally in the field were also studied. 


Observations 


Behaviours of stigmas after pollination. When the florets of barley or wheat 
are emasculated in the field, their stigmas remain healthy in turgescent state for 
about ten days after castration, before some of them begin to wither. On the other 
hand, the stigma pollinated naturally in the field withers heavily in relatively short 
days after pollination. If we examine in greater details the florets which opened one 
or two days before, all of the pollinated stigma hairs or filaments are found to wither 
all along their length, whereas non-pollinated ones remain almost turgescent (Fig. 1D). 


Fig. la 
Figs. 1a and b. Hordeum vulgare. Withering of stigma filaments by natural polli- 
nation. Magnification, ca. x 220. 
a) The right stigma filament withers at the portion Ct) to which a pollen 
grain is attached. The left, non-pollinated filament is entirely turgescent. ' 
b) About two days after flowering. Non-pollinated stigma filament Gaus 
almost turgescent, while all pollinated ones wither heavily all over their length. 


Withering begins at the stigma cell (or cells) to which a pollen grain is attached, 
and this withering spreads to the neighbouring cells along the stigma filament (Fig. 
1a). Due to the withering the affected portion of the stigma filament becomes nar- 
rower by one half to one fourth in width as compared with the normal one (Fig. 1,b). 
Accompanied with this, remarkable changes of nucleus in shape and structure occur 
in such a stigma cell, of which some description has been made by Kato (3). 
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The stigmas pollinated naturally in the field begin to wither usually a few hours 
after pollination, while withering progresses more or less rapidly under experimental 
conditions, where the detached stigma is used. For instance, in the case of common 
wheat,the stigma cells begin to wither in about 20 minutes after fresh pollen grains 
are shed upon. In rye and barley, such withering is clearly noticeable about: 60 
minutes after pollination. In non-pollinated stigmas placed on a slide it takes 6 to 
7 hours and 1.5 to 2 hours, respectively, before the entire stigma withers. By pollina- 
tion with shrivelled pollen which has been preserved in a parchment-paper in the 
room, however, the withering is recognizable about 20 minutes after the attachment 
of the pollen in rye and about 10 to 15 minutes in barley. These facts indicate that 
the withering occurs earlier by pollination with dehydrated shrivelled pollen grains 
than by pollination with turgescent fresh grains. 

Behaviours of pollen grains and withering of stigma cells. Most fresh pollen 
grains exude liquid at their surface as soon as they are attached to the stigma (9). 
The exuded liquid immediately fills up the gap between the pollen and the stigma. 
Majority of pollen grains which are capable of liquid exudation germinate and send 
out the pollen tube into the stigmatic tissue. But some of the grains do not produce 
the tubes, but burst or shrink after exudation of liquid). Some pollen grains fail to 
show such a liquid exudation, and begin to shrink from the beginning. 

The process of withering of stigma cells is much affected by the manner by which 
pollen grains behave on the stigma cells. The initiation of withering may be arranged 
in the following order, with respect to the behaviour of pollen grains (Table 1). 


Table 1. Relations between behaviour of pollen grains and beginning of 
the withering of stigma cells. 


Order in beginning of 


Behaviour of pollen grains 
withering of stigma cells 


1 early Exude liquid, and burst 
A 
2 No exudation, shrink soon 
after pollination 
3 Exude liquid, but do not 
germinate 
4 Exude liquid, germinate, but a 


pollen tube stops to develop 


5 late Exude liquid, germinate, develop 
pollen tube to ovule 


As shown in Table 1, withering of stigma takes place most readily when a pollen 
grain attaching to it bursts on the stigma cells, and less readily in the cells on which 


1) In this case, the shrinkage of the pollen grain begins with the disappearance ot the 
liquid between the grain and the stigma, 
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the pollen grain begins to shrink immediately. Withering of stigma begins still later 
in the case where a grain may still exude the liquid on the stigma but does not germi- 
nate or burst. There is no clear withering when pollen tubes are developing in the 
stigmatic tissue or in the style. In such a case the stigma cells wither distinctly 
after the pollen grains have sent out their contents completely and collapsed. In the 
stigma of einkorn wheat on a slide, for instance, the stigma cells, on which the pollen 
grains shrink or burst, show remarkable withering 20 to 25 minutes after attachment 
of pollen, when those with the turgid grains remain almost turgescent. Similar ob- 
servations were made in all species investigated. 

These facts seem to indicate that bursting and shrinking of pollen grains have an 
intimate relation to the withering of stigma cells. This conclusion may also be sup- 
ported by another observation. When a pollinated stigma of maize is taken out in 
the air after being kept in a moist chamber for 40 to 50 minutes, the stigma cells 
on which pollen grains burst begin to wither within 5 minutes. In about 10 minutes 
after the stigma was taken out from the chamber, some of the pollen grains on it 
Shrink a little, while the others remain turgescent. The stigma cells in the former 
case soon show slight withering, but those in the latter case begin to wither much 
later. 

However, detailed observations revealed that in the case of attachment of several 
or many pollen grains, the slight withering of stigma cells starts before shrivelling 
of the sticked grains. Under these circumstances, the above-mentioned liquid between 
the pollen and the stigma has already disappeared. So long as the liquid exists, it 
is usual that the stigma cells do not wither. Accordingly, presence or absence of 
the liquid between the pollen and the stigma seems to have more intimate relation to 
the withering phenomenon than the shrinkage of pollen. 

Withering of stigma cells by pollination with shrivelled pollen. Pollination 
with shrivelled pollen was undertaken, in order to investigate the withering of polli- 
nated stigma cells in greater details. The longer the shrivelled grains are attached 
to the stigma, the stronger is the withering of stigma cells. Together with this 
action time, the grades of the withering may also depend upon the number of grains 
which are attached to a stigma filament and the area with which a pollen grain is 
in contact with a stigma cell. A stigma withers earlier in the portion where many 
pollen grains are attached than in that with one or a few pollen grains, and the 
withering goes slowly when a grain attaches to the top of a stigma cell. The wither- 
ing spreads upward and downward from the point where a grain is attached until 
the stigma filament withers entirely all over its length; it proceeds faster upward 
than downward. 

In maize, some of the shrivelled pollen grains, which have been collected from 
dehiscing anthers a few hours before pollination, swell on the stigma. A part of these 
swollen grains soon develop their tubes, but the others gradually shrink again with 
or withoutforming the nipple-like protrusion (9). It is sometimes observed in rye that 
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the stigma cells wither as soon as the shrivelled grains are attached to them and 
swell. Soon these swollen grains shrink again, perhaps because the withered stigma 


cells can not supply sufficient water for these grains to swell, 


Discussion 


In gramineous plants, physiological and morphological changes take place in the 
stigma cells soon after pollination. Of these changes (stigma reaction) the increase 
of stainability and withering of stigma cells to which pollen is attached are most 
conspicuous. In most cases these phenomena occur successively. Under certain con- 
ditions, however, the change of stainability is not followed by the nuclear change in 
shape) and by withering of stigma cells. If a pollinated stigma is kept in a moist 
chamber, the stigma cells to which the pollen grains are attached are seen stained 
deeply by a dye solution, notwithstanding the fact that their nuclei do not show any 
change in shape. There is little withering of the stigma cells to which a pollen 
grain is attached, so long as the pollen tube is developing in the stigmatic tissue or 
in the style; in this case also the high stainability of stigma cells is distinguished, 
but this is not accompanied by the change of nuclear shape. These facts leads to the 
conclusion that the change of nuclear shape is brought about by the withering of 
stigma cells and that the withering can be distinguished from the change of staina- 
bility under certain conditions. 

The withering. spreads to the apical direction more rapidly than to the basal. 
This seems to be due to interruption of water supply from the basal part of the 
stigma filament in the regions of pollinated cells and their neighbours, which have 
already started to wither. It can frequently be seen that the stained cells are more 
numerous above the pollinated part of the filament than those below. The stigma 
cells which withered slightly, due to some reason or other, can not be stained with 
ease unless they receive pollen grains. But as the withering becomes evident, they are 
stained in a short time after staining, even in those cells which are not in contact 
with grains. The stainability of the cells may gradually be increased with the 
progress of withering. 

The withering of stigma cells can be interpreted as being caused mainly by an 
increase in cell permeability of the pollinated stigma cells. In addition to this, the 
dehydrating power, exerted at the surface of the stigma cells, of the pollen grain 
may also be concerned with the phenomenon. On the other hand, presence of the 
liquid oozed out at the place where the pollen grain and the stigma come into contact 
makes the stigma cells begin to wither later. This may be interpreted as being due 
to prevention of water evaporation from the stigma cells at this place. 


1) The nucleus of a stigma cell changes its shape from spherical to ellipsoidal or ir- 
regular after attachment of pollen (cf. Kato, 3), 
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Summary 


1) Among varicus changes of gramineous stigma cells, caused by the attachment 
of a pollen grain, withering is one of the most conspicuous phenomena. The withering, 
beginning at the stigma cells to which a pollen grain is attached, gradually spreads 
to the neighbouring cells. Later the pollinated stigma filament withers entirely all 
over its length. 

2) Pollen grains of the same anther show different behaviours when they fall 
on stigma cells. These different behaviours of the grains have an intimate relation 
to the beginning of withering of the stigma cells. In general, the withering begins 
first at the cells on which a grain bursts, then at the portion where a grain shrinks. 
Stigma cells on which pollen grains germinate and develop the pollen tubes wither 
latest. 

3) The disappearance of the liquid, oozed out between the pollen and the stigma, 
has an intimate relation to the occurrence of withering. Some considerations were 


made on the withering phenomenon. 


The author desires to acknowledge his great indebtedness to Prof. S. Imamura, for 
constant help and criticism throughout this study. He is also indebted to Mr. K. Kato, 
of the Botanical Institute, Faculty of Science, Kyoto Universty, for criticism and en- 


couragement in carrying out this work. 
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Introduction 


Porpyra is a marine red alga cultivated for edible purposes in various districts 
along the coast of Japan. Its life cycle was a question especially as to how it passed 
the summer season and as to where its abundant spores, which gave rise to the winter 
fronds, came from in early autumn. The question has been solved by Drew (4), Ku- 
rogi (5), Kurogi and Hirano (6, 7), Suto et al. (12), and by Takeuchi ef ail. (13). 
Their investigations have revealed that the carpospores shed in spring from the frond, 
passed over the winter season, germinate on the shell and there they give rise to 
filamentous thalli called Conchocelis which pierce into the shell. Early in autumn, 
monospores are liberated from monosporangia developed in Conchocelis. The monospores, 
transported by move of sea water, adhere to the substratum, there they germinate 
to form winter fronds. Hereby, what is important in a technique of cultivation is to 
make the monospores much more abundantly adhere to the substratum. For this pur- 
pose particular investigations must be done on the mechanism of the adhesion. How- 
ever, very little has been hitherto reported in this field except for some ecological 
investigations made by Suto (8-11), Suto et al. (12) and by Takeuchi et a/. (13). Herein 
the writer presents some results of his cytological investigations on the monospores 
liberated from the Conchocelis-thalli. 


Material and Method 


The present experiments were carried out in October, 1956, at the Misaki Marine 
Biological Station of the University of Tokyo located at the tip of the Miura Peninsula, 
a little south from Tokyo. An abundance of monospores shed from the Conchocelis of 
Porphyla tenera cultured in oyster shells were used for the material. 

To reveal the polarity differentiation, the material was stained vitally at various 
Stages, from just after the liberation from Conchocelis to formation of young spore- 
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lings composed of ten or so cells. The dyes used for the staining were auramin, 
aurantia, Bismarck brown Y, brasilin, brilliant green, Congo red, eosin, erythrosin Y, 
gentian violet, Janus green B, kernilin, methy] green, methylene blue, neutral red, Nile 
blue, pyronin, safranin, thionin, toluidin blue, and trypan blue. 0.1 per cent distilled 
water solutions of these dyes were diluted Separately into filtered sea water of pH 8.1 
in a proportion of one or two drops per 10 ml. The material was immersed into the 
staining media thus prepared contained in Petri dishes and observed with microscope. 
To make the spore germinate, they were made adhere to amylan threads of 30, in 
diameter by stirring the spores and the threads together in sea water irregularly by 
use of air bubbles. 


Experiment and Observation 


1) Spores just after being shed. / 
The fresh spore just after being shed - a eee, 
from Conchocelis is about 12 4 in dia- os - - 7 (20 
meter. It is not of definite form but = a = 
varies doing amoeboid movement over C) 
- ’ ¥a, 150 180 210 240 270 
the substratum. After a while, if the 
spore remains without adhering to a = — 
substratum, the amoeboid movement 
300 330 CU eas 

ceases, the spore becomes spherical, a : 

Fig. 1. Successive movement of an amoe- 


thick exosporium develops, and the spore boid spore and its final formation of the 


enters the dormancy. Such a spore exosporium. Numerals indicate the pass of 


: time in seconds. 
cannot adhere autonomically. The fate 


of it is not clear. But the amoeboid spore, before entering the dormancy, can adhere 
firmly to the substratum autonomically. After having adhered, a morphogenetic move- 
ment makes the spore uprise to an ovate form, then it begins to germinate. The 
form alteration in time by amoeboid movement is illustrated in Figure 1. 

Result of the vital staining at this stage is indicated in Table 1. A clear differential 
staining was observed in the amoeboid spore with Janus green, which is illustrated in 
Figure 2. That is, the cytoplasm was stained reddish purple at a part while at the 
other part it was stained blue. The cell wall was stained dark blue, and the plastid 
green, while the nucleus was not clear. The staining into different colours, appeared 
in the cytoplasm, implies a differentiation in a physical property. The direction of the 
staining differentiation was irrespective not only of the morphology of the amoeboid spore 
but also of the orientation of the field of the microscope. Therefore it appears that the 
differentiation is neither an influence of a spacial external condition nor what is related 
to the amoeboid movement, but it is a matter of intrinsic affair peculiar to each spore. 
It is specially noteworthy that this differentiation cannot be observed in the dormant 
spore, in which the cytoplasm is stained uniformly blue with the same dye, Janus 


ay. =f. his 7 he = oO et 3 fe 4 i 
146 fi wm + MR ALB HH 838 eZ nag 33 4A 4 A 


Table 1. Vital staining of fresh spores before adhesion to the substratum 


| Scat 
; Aen are <a Dormant spore 
Dye Cytoplasm Periphery Cytoplasm Exosporium 

| Ata At the 

| part other 

part 
Brasilin | + = atts ES ote 
Congo red — — = = LZ 
Eosin ; oo— = = = = 
Janus green mec cite 4* 4 us 
Methylene blue — = = = re 
Neutral red fe ae cs on Za 
Toluidin blue +* ae = ue: in 
Control - = = = “= 


* Stained blue; ** stained reddish purple (cf. Fig. 2) 


green B. The amoeboid spore stained differentially ceases its amoeboid movement and 
dies sooner or later, so that its fate cannot be traced. That the cytoplasm differentia- 
tion is occurring before the spore adheres to a substratum is affirmed by a fact that 
the same differential staining is also observed in the spores floating in the staining 
medium. The exosporium of the dormant spore is stained red with Congo red, while 
the periphery of the amoeboid spore is not stained with the same. This also indicates 
that the amoeboid spore is deficient in the exosporium. 

2) Adhesion and the subsequent morphogenesis. The amoeboid spore adheres to 
the surface of various substrata, and in such a state they are also stained with Janus 
green B. The adhered spores can be swayed at their distal end by moving the water 
by use of pipette. On this occasion, it is observed that the distal end is staining blue 
and the basal end, at which the spore is attached to the substratum, is staining reddish 
purple with Janus green B. Comparing this with the former experiment, it is affirmed 
that in the amoeboid spore a special part is prepared where the cytoplasm is stained 
reddish purple with Janus green B and at sucha part the spore adheres to a substratum. 
That is, the point where the spore adheres to is predetermined. 

Observation reveals that the spore, adhering at an end to a substratum, gradually 
uprises just like a tumbler transforming itself to an ovate form pointed towards the 
base and blunt towards the apex, the distal end (Fig. 3B-D). Then the plastid migrates 
to the apical half, and a vacuole develops at the base. Throughout this process, the 
basal cytoplasm is always stained reddish purple with Janus green B, while the apical 
half is stained blue (Table 2). Regardless of the differentiation in tint, the staining 
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always begins at the apical end and it spreads 
towards the base, so that the reddish purple 
staining at the base appears later than the 
blue coloration at the apex. This implies that 
there is a permeability gradient, highest at 
the apex. 

the adhered 


After completion of the morphogenetic move- 


3) Segmentation of spore. 


ment, amoeboid to ovate, adhering to a sub- 


stratum, the spore is cloven by a segmentation 
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104 


—— 


Fig. 2. Amoebodid spores stain- 
ed with Janus green B. Dots re- 
present the part stained reddish 
purple. 


Table 2. Vital staining of the adhered spore after occurrence of the 
morphogenetic movement (cf. Fig. 3). 
Staining 
Dye = SS a + 
Basal cytoplasm Apical cytoplasm Cell wall 
Congo red = ce re 
Eosin fact = + 
Janus green B 4 4 4* 
Neutral red | ze Sets ab 
Nile blue = a ae 
Toluidin blue shee: * = 


Control 


* Stained blue, 


wall at right angles to the longitudi- 
nal axis’ (Fig. 3E). Further seg- 
mentations take place successively 
parallel with the first and the each 
cell grows longitudinally, so that the 
sporeling becomes to be of a club-form 
(Fig. 3 F-H), Growing up toa stage 
composed of nine or ten cells, sub- 
apical cell or cells are cloven perpen- 
dicular to the former segmentations 
Chis. BURL were also 
stained vitally at various develop- 
mental stages. As a result, it was 


found that generally the basic dyes, 


Sporelings 


Bigs 3: 
segmented sporelings. 


** stained reddish purple. 


Each stage from the adhesion to 
Dots represent the 
part stained reddish purple with Janus green 
B. A-F are of the same scale. 
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Table 3, Vital staining of the segmented sporeling (cf. Hig. 3): 


—_ ; Staining 
ys el faa Cell wall 
Basal cell Subapical cells Apical cell 

Auramin = = ae a 
Aurantia — aie SE aE 
Bismarck brown Y = ae ae a 
Brasilin = ae ae ab 
Brilliant green = = = 

Congo red eee == a2 re 
Eosion See = = ss 
Erythrosin Y ate = = = 
Gentian violet - a a oe 
Janus green B Soe Hens + a0 
Kernilin = Ab ee ate 
Methyl green = ae ae = 
Methylene blue = = = = 
Neutral red = nee holed as 
Nile blue = ae pe ee 
Pyronin = au eer = 
Safranin = He se die Be 
Thionin = ae aE a = 
Toluidin blue oe 4 4%* ey 
Trypan blue = “ oe ee ae 
Control = = = = 


* Stained blue. **stained reddish purple. 


except for Janus green B and toluidin blue, stained much more remarkably in apical 
cells than in basal cells, while the acidic dyes stained the basal cell selectively. Janus 
green B and toluidin blue stained both the apical and the basal cells. However, a 
staining differential in tint, as was observed in the former experiment, also did occur 
in sporelings with Janus green B and with toluidin blue. That is, each of these dyes 
stained blue in the apical part, while reddish purple in the basal cell, and this differ- 
entiation did not diminish for a long time. 

4) Abnormal sporelings. Various abnormal sporelings were obtained caused by 
unknown factors. Some of them are specially noteworthy in relation to the present 
investigation. In some cases, the apical cell was basalized to form a pointed rhizoid- 
like cell at the tip (Fig. 4A). In such a cell, a large vacuole develops surrounded by 
acidophilic cytoplasm stainable with eosin, erythrosin Y, etc. like in the basal cell 
but different from in the usual apical cell. It is also stainable reddish purple with 
Janus green B. This cannot be due to death of the cell, because it is elongated by 
growth to a slender form different from the usual apical cell as indicated in Figure 
4A. When this basalization does occur at the tip, the subapical cell becomes to take 
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the part of the apical cell and it is altered to be ot 
a blunt form. Sometimes, basalization takes place 
at one of the subapical cells of a sporeling (Fig. 
4B). In such a case, that cell becomes to be 
elongated to form a pattern like a basal cell and 
its cytoplasm turns to be acidophilic, and the cell 
neighbouring towards the base becomes blunt, 
so that the whole looks like a pile of two spore- 
lings. This cannot be considered to have origi- 
nated from junction of two different spores, as 
the basalized cell and its adjacent cell are connected 
with a common segmentation wall as well as they 
are involved in the same longitudinal cell wall. 


Fig. 4. A) Basalization at the 
apical, cell B) the same at a 
The selective staining of the basal cytoplasm subapical cell. Dots represent 
the part stained reddish purple 
with Janus green, B. 


Discussion 


with Congo red, etc. reveals its acidophilic prop- 
erties. Contrarily, the apical cytoplasm is stained 
merely with basic dyes showing its basophilia. Janus green B, a Griibler’s production, 
is a special dye which stained the apical cytoplasm blue but the basal cytoplasm red- 
dish purple. This seems to be due to the reduction of Janus green B to the dimethyl 
safranin in the basal cytoplasm. The same reduction of Janus green B in living cells 
has been reported in some animals (1-3). Besides the same can be experimented ina 
test tube by adding a reductive agent such as sodium hydrosulfite. Toluidin blue 
also stained the basal cytoplasm purple and the apical cytoplasm blue, while its mecha- 
nism is not always clear. However, as to the staining with Janus green B, the matter 
seems to be related to the partial reduction of the dye in the basal region as above men- 
tioned. The same differentiation can be traced back to the amoeboid stage immediately 
after being shed from the Conchocelis. That is to say, the spore is predeterminedly differ- 
entiated into two parts, ie. a part at which the cytoplasm is reductive and is stained 
reddish purple with Janus green B, and the other part at which the cytoplasm is 
non-reductive and is stained blue with the same dye. The amoeboid spore adheres to 
the substratum at the reductive part as was observed in the second experiment and 
was illustrated in Figure 3. The adhesion, therefore, seems to be related to this 
differentiation. Actually, the dormant spore which does not show this differentiation 
can not adhere to a substratum. The same differentiation, i.e. the reductive properties 
at the base, is retained throughout the course of the sporeling development. However, 
the differentiation into the acidophilic base and the basophilic apex appears later than 
the morphogenetic movement of the adhered spore. When the apical or one of the 
subapical cells is basalized in form caused by unknown factors, its cytoplasm also 
turns to be of the same property as that of the basal cell although it is not in contact 
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with the substratum. This indicates that the acidophilic property and the reddish 
purple staining with Janus green B specific to the basal cytoplasm is an essential 


property of the basal cell regardless of the adhesion to a substratum. 


Summary 


The monospores of Porphyra tenera were experimented at various developmental 
stages from immediately after being shed from the Conchocelis-thalli to segmented 
sporelings. As a result, the following was revealed. 

(1) At the amoeboid stage the cytolasm is stained with Janus green B reddish 
purple at a part and blue at the other part. This differentiation is observed before 
its adhering to the substratum. The spore tends to adhere at the part stained reddish 
purple. 

(2) The adhered spore is stained with Janus green B also reddish purple at the 
base and blue at the apex. After the segmentation, merely the basal cell is stained 
reddish purple selectively but the apical cells blue with the same dye. 

(3) The reddish purple coloration of Janus green B at the base seems to be attri- 
buted to a reductive property of the basal cytoplasm, and it is predeterminedly differ- 
entiated in the amoeboid spore. 

(4) The basal cytoplasm which occupies the basal cell of the sporeling is acido- 
philic in nature and is stained selectively with Congo red, eosin, etc., while the apical 
cytoplasm is rather basophilic and is stained with basic dyes. 


The writer expresses his cordial thanks to Dr. S. Suto and Mr. O. Umebayashi of 
the Tokai Regional Fisheries Research Laboratory, Tokyo, for their kind guidance in 
the present investigations. His gratitudes are also due to the members of the Misaki 
Marine Biological Station for their friendly co-operation. 
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Ever since the discovery of gibberellins, they have been investigated with much 
interest in Japan and recently in the western countries, especially in America and 
England, as reviewed by Stowe and Yamaki (15). Gibberellins are negative in any 
of the commonly used auxin tests (7, 16), and auxin cannot substitute for gibberellic 
acid in making some dwarf plants grow tall (1). However, the relation of auxin to 
the action of gibberellins has not been studied precisely. 

In the course of the author’s investigation on the correlative growth, it was found 
that the gibberellin used (a mixture of A; and A3) did not promote growth signifi- 
cantly in the absence of natural auxin or indoleacetic acid. If this be the case, 
results of experiments to determine the effect of gibberellins may not be well repro- 
ducible unless due care is paid for the auxin factor. This consideration may be 
important when one is trying to find bioassay methods for gibberellins, and when 
one studies the action mechanism of gibberellins. Here are reported the experiments 


which led to the above mentioned finding. 


Material and Methods 

Single-node cuttings of young growing stems of sweet potato (lpomoea Batatas, 
var. Norin No. 1) were used in the experiments. The node used was the one bearing 
the oldest of the immature folded leaves, of which the midrib and the petiole were 
about 4.5 and 3 cm. long, respectively, on the average at the beginning of the ex- 
periments. Materials were selected so as to be as uniform as possible, especially for 
the length of petioles. The stem was cut at 2 cm. above and 3 cm. below the node, 
the piece thus being 5 cm. long. The apical cut end of the stem piece was smeared 
with plain lanolin, and the basal end was put in a salts solution, as seen in Fig. 5. 
Pieces fixed in this way were kept in a wooden cabinet for the dark experiment, or, 
otherwise, under diffuse day light at about 1.5 m. apart from a window. 

The lanolin pastes used were 0.5% gibberellin (GB) (a mixture of 55.6% A, and 
28.6% Az), 0.1% acid form of indoleacetic acid (IAA) and 2% sodium salt of 2,3, 5- 
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triiodobenzoic acid (TIBA). They were smeared around the petiole to form rings 


about 2mm. broad. 


Figs. 1, 2,3 and 4, Diagrams showing the zones for the elongation measure- 


ment and the sites of lanolin paste application in Experiments 1, 2, 3 and 4, 
respectively. P, plain lanolin; T, TIBA; G, GB; and I, IAA. 


At the beginning of the experiments, Indian ink dots were put on a side of the 
petiole to measure the elongation of different parts of the petiole, as shown in Figs. 
1 to 4. Elongation was represented mostly in percentage of the initial length of petiole 
or its part. 


Results 


Experiment 1. In his previous reports (10, 11), the author concluded that TIBA 
blocked, at the site of its application, the basipetal translocation of natural auxin and 
IAA. And the conclusion was confirmed by Niedergang-Kamien and Skoog (13), 
Niedergang-Kamien and Leopold (12), Hay (3) and Zwar and Rijven (18). The 
present experiment was planned for the purpose of seeing whether the growth effect 
of GB was also blocked by TIBA or not. 

The petiole of each cutting was divided with Indian ink dots into four zones, 
which were named A, B, C and D successively downwards, as illustrated in Fig. 1. 
The zones A and D were about 15mm. long and B and C were 3mm. each at the 
beginning of the experiment. 

Stem cuttings were divided into five groups according to presence and absence of 
the leaf blade and the treatments at the zones B and C, as shown in I~V, Table 1. 
The cuttings were kept in darkness for eight days. 

The group H, Table 1, represents the growth pattern of the control, carrying the 
leaf blade and not subjected to any growth regulator treatment. The growth of the 
petiole is very much limited when the leaf blade has been excised (I, Table 1). When 
TIBA was applied at the zone C CH, Table 1), the growth of this zone and, more 
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Table 1. Effect of TIBA on the GB effect, GB- and TIBA-pastes being applied 
at B zone and/or C zone (see Fig, 1). Elongation in the dark in 8 days following 
the treatment made on Sept. 15, 1957. Mean of 5 samples. 


Leaf blade Excised | Intact 
Group (1) | (i) (IIT) (IV) (V) 
Treatment at cia | ies an ee ro 
Central upper zone (B) None | None None GB GB 
Central lower zone (C) | None None TIBA None OBA 
Elongation of % | % saa of % % : 
Apical zone (A) 10 | 40 173 123 217 
Central upper zone (B) 10 90 133 G *—230 G*-190 
Central lower zone (C) 10 120 IPS (65 223 Tt 80 
Basal zone (D) | 8 100 7 74 6 
Entire petiole | 9 76 91 119 115 


* T and G indicate the sites of TIBA and GB treatments, respectively. 


conspicuously, that of the lower zone, D, were inhibited. The growth of the zones 
above the treatment increased, possibly as a compensatory growth. These results 
are similar to those reported before (11). The natural auxin coming from the leaf 
blade is considered to be blocked by TIBA. 

When the zone B was treated with GB, all the zones A, B and C elongated 
remarkably CIV, Table 1). The growth of D was smaller than in control (II, 
Table 1), perhaps because too much growth material was usedup in the upper parts. 
By the application of TIBA just below the GB treatment (V, Table 1), the effect of 
GB was completely inhibited in the zones at and below the TIBA application. The 
uppermost zone elongated, possibly by compensation, so much as to make the elon- 
gation of the entire petiole comparable to the case of the group IV. Thus, TIBA 
inhibited the growth of the zones at and below the site of its application, both when 
GB was, and was not applied (V and III, Table 1). 

Two alternative explanations may be suggested for the effect of TIBA blocking 
the downward propagation of the GB effect. Namely, (a) the translocation of GB is 
inhibited by TIBA, just as natural auxin and IAA are, and (b) the translocation of 
GB is not blocked, but its growth-promoting effect is inhibited at and below the site 
of TIBA application. The following experiments were undertaken in order to investigate 
the relations of TIBA, GB and auxin in the elongation of sweet potato petiole. 

Experiment 2. The petiole was divided into three parts of equal length, as 
illustrated in Fig. 2. Pastes were smeared around the petiole at the boundaries bet- 
ween zones. Other conditions were the same as in the preceeding experiment. 

Effects of single applications of TIBA (III, Table 2) and GB CIV, Table 2) were 
the same in general trend as in the foregoing experiment. In the present experi- 
ment, TIBA was applied above the site of GB application (V, Table 2). And it was 
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found that GB was quite ineffective below the TIBA treatment. TIBA is believed 
to block the downward travel of auxin. Hence it was suspected that GB could not 
cause its growth effect in the absence of auxin. 
Table 2. Effect of TIBA blocking the downward propagation of the effects of 
the leaf blade and of GB. Elongation in the dark in 7 days following the treatment 
made on Sept. 18, 1957. Mean of 5 samples. 


Leaf blade Excised Intact 
Group C1) (II) (IIT) (IV) CV) 
Treatment at the part | 
One third from the tip None None TIBA None TIBA 
One third from the base None None None GB GB 
Elongation of % %G % % % 
Apical zone (A) 8 ol 135 102 151 
AD psi 
Central zone (B) 7 125 13 197 10 
(Cu (@aras 
Basal zone () 6 96 6 107 5 
Entire petiole 7 91 50 134 56 


* See Table 1. 


Experiment 3. Effect of the leaf blade on the petiolar growth may involve effects 
by the natural auxin and by the so-called food factor. In order to exclude the latter 
effect, the leaf blade was excised and 0.1% IAA-paste was smeared on the cut surface, 
as seen in Fig. 3. The experimental procedures were the same as in Experiment 2, 
except that the cuttings received diffuse sun light during the daytime. The elonga- 
tion in eight days was measured. 

Table 3. Effect of TIBA blocking the downward propagation of the effects of 


IAA and of GB. Elongation in the diffuse light in 8 days following the treatment 
made on Sept. 19, 1957. Mean of 5 samples. 


At the cut tip of petiole Reser IAA-lanolin 
Group ch) C1) CIT) dV) (V) 
Treatment at the part 
One third from the tip None None TIBA None TIBA 
One third from the base None None None GB GB 
Elongation of % % ; % : 0% % 
Apical zone (A) 8 Mt (At 106 103 
APs ar ve 
Central zone (B) 8 76 10 142 g 
Ges Gre 
Basal zone (C) 5 41 5 86 5 
Entire petiole if 52 28 114 40 


* See Table 1. 
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The results as given in Table 3 indicate that the general trend of the effects of 


TIBA and GB was the same as in Table 2, only the amount of growth was smaller 


in the present cases. The growth seemed to be limited by the lack of the food factor 
to come from the leaf blade. But the effects of TIBA and GB on the growth pattern 
were the same, whether the leaf blade was present or not. Hence the food factor 
does not seem to be modified by TIBA or GB. Tig. 5 shows a representative set of 
cuttings at the close of the experiment. 

It became highly probable from 
this experiment that the factor, 
which was blocked by TIBA and 
in absence of which GB could not 
cause its growth effect, was auxin. 
Next experiment was planned in 
order to confirm the necessity of 
IAA for the GB effect. 


Experiment 4. Experiment was 


Fig, 5. A representative set of cuttings 
from the experiment summarized in Table 
3, photographed at the close of the experi- 
effect of GB or IAA from that of ment, Roman numerals correspond to those 
in the table. TIT, G and I indicate TIBA-, 
GB- and IAA-pastes, respectively. 


designed so as to discriminate the 


the coincidence of the two. The 
leaf blade was excised and the cut 
surface of the petiole was smeared with plain lanolin. A petiole was divided into 


six 5mm. zones to be numbered as shown in Fig. 4. 


Table 4. Elongation of the entire petiole (of 30 mm. original length) following 
the first treatment (made on Sept. 21, 1957) and following the second treatment 
made 3 days after the first. Jtalicized values represent the elongation in 1, 2, 4 and 
8 days after the second treatment. (1z) and (3z) represent that the zones numbered 
1 and 3, respectively, were treated. Mean of 5 samples. 


(1) (II) (IIT) (IV) 
First treatment GB (38z) GB (8z) None GB (32) ie 
Second treatment None IAA (1z) IWAN (lA) IAA (iz) 
Days after the first | 

treatment mm | mm mm mn. mm. mm mm mm 
3 2.5) Ova} | Pg uad =<) 190 i) ep = 
4.  (13* 268 | —<O2S'| 15/56 12.02 | lise “9.92 | 12400) 74.20 
bo 023 2.621 0.28 | 20.94] 17.40| 16.40| 14.50| 18.06 | 16.26 
 emmae C0 DOGO Ne 0,28.) 28534 |29.60)| 16.82 | 16.92 | 21.76) 19.26 
id eag3y* 9.62) 0.28 | 28.76| 2022 | 10758\) 17.68 | 21.92) 20.12 


* Days after the second treatment. 
One half of the cuttings were treated with the GB-paste at their zone No. 3, and 


the rest were not. The elongation of the treated petiole (groups I and II, Table 4) 
was only a little larger than the untreated ones dilvand IV) inethréesdays. Then; 
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one half of the GB-treated petioles were treated by IAA-paste at their zone No. 1 CII, 
Table 4), the rest being left as they were CI, Table 4). The IAA-treated petioles 
elongated very much in one day following this second treatment, while those without 
the IAA treatment elongated little. As days passed the former grew farther on, while 
the latter not at all. 

Of the petioles not treated by GB at the beginning of the experiment, one half 
Cll, Table 4) were treated on the fourth day with the IAA-paste at the zone No. 1, 
and the rest (IV, Table 4) were doubly treated on the same day with GB at the zone 
No. 3 and IAA at the zone No. 1. Within a day following these second treatments, the 
petiole of either group elongated conspicuously, at roughly the same rate. But later, 
the double treatment (1V, Table 4) resulted in a larger elongation than the single JAA 
application (Ill, Table 4). And the growth of group IV after the second treatment 


mm 


= 
Ww 3 


Elongation 
Elongation 


S 


No. of zone 


Elongation 
Elongation 


if mi 
No. of zone No. of zone 


Fig. 6. Distribution of growth along the petiole of which th ir i 

; Mis istri a e entire elongation 

isypresented wins Mabey 1) We 1 Tiamd) Tv correspond to the same numbers in the 

table. The curves 3,4 and 11 represent, respectively, the elongations measured 3. 4 

a fe are ca the first ie ae the length of each section being 5mm ’at 
e time o is treatment. G and I on the curves indicate the sites of appli i 

of GB and IAA, respectively, Mean of 5 samples, hia asc 
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almost overtook that of group II finally. 

The group I shows that GB alone cannot cause any significant elongation in the 
petiole under the experimental conditions. But in the presence of IAA (Iland IV, Table 
4), the growth-promoting effect of GB becomes apparent, the growth in the presence 
of the two together surpassing that in the presence of IAA alone (III, Table Ay 

The distribution of elongation along the petiole is illustrated in Fig. 6. Young 
petioles, such as those used in the experimental, elongate most conspicuously at and 
near the zone No. 4, either when their leaf blades are intact or when these are excised 
and substituted by IAA. But that zone did not grow better than others when no 
auxin was supplied, as shown by curves 3 of HI and IV in Fig. 6. GB promoted the 
growth at or near the zone of application (curve 3, Il, Fig. 6). This slight effect of 
GB may be conditioned by the residual natural auxin. 

The zone No. 4 made a peak of growth also in the petiole treated with IAA at 
the zone No. 1 (curve 11, IH, Fig.6). In this case the zone of the treatment elongated 
conspicuously. When GB was applied at the zone No. 3, in addition to IAA at No. 1, 
the zones from No. 1 through No. 3 elongated very prominently (curves 4 and 11, II 
and IV, Fig. 6). In these cases, the lower half elongated as much as, or a little less 
than, in the case of the single application of IAA. Perhaps the growth of the lower 
half may be limited by growth material. 

The debladed cutting has the material sufficient to support so much _ petiolar 
growth as represented by IH, Table 4. Hence the growth in I and III (Table 4) must 
be limited respectively by IAA and GB. The total growth in IV is a little less than 
in Il (Table 4), perhaps because GB is slow to be fully active. This is suggested by 
comparingt he curves 4 of II and IV, Fig. 6, GB in the former case having penetrated 
in the tissue when IAA was applied. 


Discussion 


It has been found by Kato (7, 8, 9) and other investigators (4, 16) that GB isa 
growth regulating substance of the nature quite different from auxin. Experiments 
reported above also substantiate it. However, more important finding by them is that 
the growth-promoting effect of GB does not come about unless auxin is present in 
the tissue. 

The slight elongation of the petiole treated with GB alone CI, Fig. 6) may be due 
to the presence of auxin remaining in the petiole. In spite of the food reserves which 
could support the petiole to grow nearly 80% ot its original length ccf. II and IV, 
Table 4), the petiole did not practically grow after the fourth day. Auxin may have 
disappeared in the petiole. 

ithe’ no auxin, no GB-effect” principle is correct, it is natural that GB is 
inactive in the standard auxin assays (7, 16), in which the natural auxin in the test 
tissue is minimized so as to make the reaction to the applied auxin apparent. 

Hayashi and Murakami (4) found that pea epicoty! sections which had been 
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starved in distilled water lost their response to the single application of GB, while 
they were sensitive to auxin. They also found that 1-tryptophane increased the growth 
response of pea sections to GB (4). These facts are favourable for the above-mentioned 
principle. The synergism between GB and auxin has been noticed (6, 9, 14). Here, 
if it is admitted that auxin is prerequisite to the GB-effect, the interpretation of the 
interaction between auxin and GB becomes easy. Reliable bioassay methods might be 
found if the auxin factor is taken into consideration. 

Brian et al. (2) maintained that GB must be considered to be an auxin in the 
sense of the definition of Tukey et al. (17), though they admitted that GB failed to 
elicit many of the physiological responses characteristic of auxin. If one sticks to the 
definition which was proposed before GB was studied intensively, he will face to much 
inconvenience in discussions such as on the problem of the necessity of auxin for the 
activity of GB. On the other hand, no fruitful researches seem to be led by merely 
classifying GB as auxin. If GB should be named an auxin for some reason or other, 
modifiers are needed which discriminate GB from the classical auxin, as Kato 
claimed (9). 


Summary 


1) Using single-node cuttings of young sweet potato stems, elongation of petiole 
was observed after the treatments with gibberellin (GB, mixture of A, and As), 
indoleacetic acid (IAA) and 2, 3, 5-triiodobenzoic acid (TIBA) as lanolin pastes. 

2) GB promoted the elongation of petiole when the leaf blade was present, or 
was excised but replaced by IAA-paste. 

3) TIBA inhibited the growth-promoting effect of GB, as well as of IAA, to ap- 
pear below the site of its application. 

4) Debladed petiole elongated but little even if GB-paste was applied to it. How- 
ever, when IAA was supplemented later, it elongated more than the one which was 
supplemented with IAA but had not received GB beforehand. 

5) From these results, it is concluded that GB cannot produce its growth-pro- 
moting effect unless the tissue contains natural auxin or exogenous IAA. 


The author wishes to express his sincere thanks to Prof. J. Ashida for valuable 
advice and criticisms during the course of the experiments and in the preparation of 
the manuscript, to Prof. K. Munakata, Nagoya University, for giving the author 
TIBA, and to Dr. M. Konishi, Kyoto University, for sharing with the author gibberel- 
lin preparations primarily furnished to him by Prof. Y. Sumiki, University of Tokyo. 
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Physiological Studies on Growth and Morphogenesis of the 
Isolated Plant Cell Cultured in vitro IV. 


The Effects of Some Vitamins, Plant Growth Hormones 
and Fat Soluble Substances 
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In the previous papers (1955, 1956) the author reported that an isolated internodal 
cell of Nite/la and even a cell fragment obtained from the internodal cell by stran- 
gulation were able to grow and develop a new shoot and rhizoids when they were 
cultured in agar gel with suitable culture solutions. Furthermore, the effects of pH, 
IAA and metabolic inhibitors upon the morphogenesis of the cell were observed (San- 
dan and Ogura, 1957). The present report deals with the effects of some vitamins, 
plant growth hormones and fat soluble substances on the morphogenesis of an isolated 


internodal cell of Nitella in vitro. 


Material and Method 


An isolated internordal cell of Nitella flexilis, which was about 3.0cm. in length 
and 400 « in width, was used as material. The material were cultured in the vertical, 
normal position in a test tube filled by half with 0.6% agar gel according to the 
method described in the previous paper (1955). In the present work, solutions of a- 
naphthaleneacetic acid, (NAA), 8-indolebutylic acid (IBA) and 2,4-dichlorophenoxy- 
acetic acid (2, 4-D) in various concentrations were applied as growth hormone. Further- 
more, solutions of vitamin B,, Bz, Bs, Byz, C and nicotinic amide in various concen- 
trations were used as vitamin, and also dilute solutions of acetone, ether and alcohols 
were tested. In the cases of growth hormones, Sérensen’s phosphate buffer solution 
(M/100, pH 6.6) was used as the basic culture solution (control), and distilled water 
was applied as control in all the other cases. Especially, in the cases of fat soluble 
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substances, the test tubes containing material were covered with glass slip and the space 
between the tube and slip was filled with lanolin in order to prevent evaporation of 
the fat soluble substance. For the removal of fungi and bacteria trom the culture 
medium, 0.3mg. of Trichomycin P tablet and 0.1 mg. of streptomycin were added to 
500 ml. of the culture solution. All experiments were carried out at room temperature 
under diffuse light of about 80 lux. As to the effects induced by these reagents upon 
the morphogenesis of the cell, the author paid his attention to the next two points: 
first, the effect on the formation of a’shoot and rhizoids from the cell, and second, 
the effect on the elongation of the shoot and rhizoids. The former is represented as 
the time required’ by the material for shooting and forming rhizoid after it was 
brought into the culture medium and the latter is measured as the length of shoot or 
rhizoid 15 days after appearance. The values shown in the tables are the averages 
of five experiments in each case. 


Results 
1 Effect of plant growth hormones 


The effects of NAA, IBA and 2,4-D on the morphogenesis of the cell are summa- 
rized in Table 1. According to the table, NAA and IBA accelerated the morpho- 


Table 1. Effect of plant growth hormones on the morphogenesis of the cell 
Cae Time for Length of Time for rhizoid Length of 
Gu fA ) shooting shoot formation rhizoid 

8-/" (days) (cm.) (days) (cm.) 

Control 16 2 16 WAS 
0. 25 16 ie 16 ss 

0. 50 16 1 al die 

0. 80 NB) 1S 15 1.9 

ily e 16 de 12; 1:8 

1S 16 WZ ill eS 

Ne 2. 00 16 142 13 1.6 
5. 00 17 io a AUS) ibe 

10. 00 18 Ie 16 13 

30. 00 23 0.4 20 0.3 

40, 00 no shooting —— no rhizoid formation —— 

0. 20 16 sleeey 16 1S 

0. 50 16 12 16 5 

1. 00 12 eve 15 38 

a0 13 16 15 Wet 

IBA 2. 00 105) LS 13 6 
5. 00 16 2 i) 6 

10. 00 16 ig 15 ‘es 

20. 00 16 le 18 te 

40, 00 23 0.2 23 0.6 

50. 00 no shooting no rhizoid formation Ome 

@, Oil 16 il, 2 16 1.6 

0.02 15 Le 16 1.6 

0.05 16 ine 16 1.5 

iD 0.10 16 11 19 1.4 
OL BO 18 0.9 20 ia 

1.00 20 0.8 20 0.9 

5. 00 23 0.5 24 0.3 

10. 00 26.0. 0.4 28 0.2 

20. 00 no shooting — no rhizoid formation ae 
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genesis of the cell in low concentrations and the optimum concentration for shooting 
was different from the one for rhizoid formation, but the optimum concentration for 
elongation of shoot was the same.as the one for elongation of rhizoid in all cases. 
NAA seems to be more favourable for rhizoid formation than for shooting. 

2 Effect of vitamins 

Vitamin By, Bo, Bg, By, C and nicotinic amide all accelerated the morphogenesis 
of the cell in low concentrations, and above all, vitamin By and C were more favour- 
able than the others. The fact that the optimum concentration for shooting is dif- 
ferent from that for rhizoid formation is also observed here as it has already been 
stated in the case of growth hormones. The maximum concentration of vitamins 
above which the cell could not survive and the range of concentration in which the 
morphogenesis of the cell was promoted are as follows: vitamin B,, 30mg./i. (8-16 
mg./l.); vitamin By), 30mg./l. (10-16mg./1.); vitamin Bs, 24mg./l. (6-10 mg./1.); 
nicotinic amide, 20mg./]. (2-8mg./1l.); vitamin By, 18 mg./l. (2-4mg./l.); vitamin 
C, 22 me-/). (2-8 me-/ 15). 

Below these accelerating concentration ranges the morphogenesis of the materials 
was not different from the one in control. The results in the case of treatment with 
the most suitable concentration of each vitamin for shooting and for rhizoid formation 
are summarized in Table 2. 


Table 2. Effect of vitamins in appropriate concentrations on the 


morphogenesis of the cell 


Time tor 


Time for Length of na ain Length of 
Cone. | shooting shoot alae rhizoid 
(mg./1.) (days) (cm.) Gai (cm.) 
Control 16 1.29 16 Ie ore 
eee <a i) $14 Lo 16 1.91 
Vitamin B, 12 15 1.31 14 ee 
2 10 12 Pay 13 2.48 
Vitamin By 14 13 2.13 ul 2, 42 
se ee 6 418} > lot 13 DO 
Vitamin By 8 14 1.41 12 2, 2 
5 12 1.43 13 2.19 
Nicotinamide 6 13 1.39 12 2 2 
2 14 1. 36 15 1.64 
Vitamin By» 3 14 1.28 13 1.62 
ie i. 2.19 | 13 2. 38 
Vitamin C 6 13 2 Ae 12 2.26 


3 Effect of fat soluble substances 

All fat soluble substances so far used checked the growth of the cell in high 
concentrations and had no effect in low concentrations but intermediate concentrations, 
which were relatively low, accelerated the morphogenesis of the cell. The maximum 
concentration of fat soluble substances above which the cell could not survive and the 
range of concentration in which the morphogenesis of the cell was promoted are as 


follows: 
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methanol, 0.6 M (0.05-0.15 M); ethanol, 0.7 M (0.05-0.1 M); propanol, 0.7 M (0.05-0.1 
M); butanol, 0.5 M (0.02-0.05 M); ether, 0.15 M(0.05-0.1 M); acetone, 0.7 M (0.05-0.2 M). 

The results in the case of treatment with the most suitable concentration of each 
fat soluble substance for morphogensis of the cell are summarized in Table 3. Noti- 
ceably, the optimum concentration for shooting was the same as the one for rhizoid 
formation and also as the one for elongation of shoot or rhizoid in the cases of all 
fat soluble substances so far used. 


Table 3. Effect of fat soluble substances in appropriate concentration 
on the morphogenesis of the cell 


aah Time for Length of ees Length of 

sane shooting shoot fer ration rhizoid 

Oe) (days) (cm.) (days) (cm.) 
Control 16 128 16 1.58 
Ether al 14 1.56 13 1293 
Acetone 0.05 13 1.64 13 1. 84 
Methanol (eal 14 iby! 15 16 
Ethanol Ooi nS 1553 15 1. 63 
Propanol 0.05 15 ileiowl lS ISG 
Butanol 0.02 16 1.48 16 1. 56 


According to the results, it seems likely that acetone and ether are more suitable 
for the morphogenesis of the cell than the others. Propanol and butanol were meager 
in promotion of the morphogenesis. 


Discussion 


The plant growth hormone has been shown to occur in species of brown algae, 
red algae, green algae and diatoms (duBuy and Olson, 1937; van Overbeek, 1940a. 
1940b; Thimann e¢ al., 1942; Jacobs, 1951). Sandan and Ogura (1957) mentioned that 
IAA in low concentrations promoted both the morphogenesis and the protoplasmic 
rotation in the cell of Nitel/a. In the present work, NAA and IBA in low concentra- 
tions also accelerated the morphogenesis of the cell. Kogl et al. (1934) reported NAA 
mainly accelerated the root formation in higher plant. In regard to this fact it is 
interesting that NAA took more positive effect for rhizoid formation than for shooting 
in Nitella cell. In the cases of NAA, IBA and all vitamins so far used the optimum 
concentration for shooting was different from the one for rhizoid formation as in the 
case of IAA (Sandan and Ogura, 1957). 

Yamada and Sandan (unpublished) observed that the protoplasmic streaming in 
the isolated internodal cell of Characeae was promoted for a long time by application 
of dilute solutions of fat soluble substances. The result of the present experiments 
showed the acceleration of morphogenesis in the cell of Nite//a by application of fat 
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soluble substances in low concentrations. We are now ina position to say that the 
Promotion of morphogenesis in Nitella cell synchronizes with the acceleration of the 
protoplasmic rotation in it. To emphasize this point, it is necessary to call attention 
to the fact that IAA in low concentrations promoted both morphogenesis and proto- 
plasmic rotation in the cell of Nitella at the same time (Sadan and Ogura, 1957). 

A complete interpretation of the promotion of morphogenesis induced by application 
of fat soluble substances in low concentrations is problematical. However, it is 
probable that this promotion of morphogenesis is closely related to the changes in the 
permeability of protoplasm. 

In the present observations, all vitamins took positive effect on the new develop- 
ment of the cell. From the roles of the vitamins as constituents of coenzymes or 
other biochemical functions of them thus far known, it seems plausible that the vita- 


mins promoted morphogenesis in the cell of Nite//a in the present work. 


Summary 


1. NAA, IBA, vitamin B,, Bs, Bg, C and nicotinic amide in appropriate concentra- 
tion promoted the morphogenesis of the isolated internodal cell of Nitella flexilis. The 
optimum concentration of these reagents for shooting of the cell was different from 
the one for rhizoid formation. NAA was more favourable for rhizoid formation than 
for shooting. 

2. Fat soluble substances in low concentrations accelerated the morphogenesis 
of the cell. Above all, dilute solutions of acetone and of ether were suitable as a culture 


solution of the cell. 


The author wishes to express his most cordial thanks to Prof. N. Kamiya of Osaka 
University for his kind direction and helpful criticism throughout this work and also 


to Prof. T. Nakamura for his valuable advice. 
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Obituary Note 


Kwan Koripa 


With the unexpected death on De- 
cember 15, 1957, of Kwan Koriba, 
President of Hirosaki University and 
Professor Emeritus of Kyoto University, 
the Botanical Society of Japan has lost 
one of its most distinguished honorary 
members, who was affiliated with the 
Society ever since his boyhood. Born 
in Aomori in 1882, Koriba attended 
middle school in Hirosaki, where he 
came back as the grey-haired President. 
His family graveyard faces Mt. Hak- 
koda, on the slopes of which the great 
botanist was brought up. 

Koriba was graduated in 1907 from 
Imperial University of Tokyo, and took 
his doctor’s degree five years later from 
the same University. Koriba was a 


professor at Tohoku Imperial University 


in Sapporo from 1915 to 1920, and then 
joined Kyoto Imperial University. Retiring from the latter in 1942 at retirement age, 
he was appointed director of the Singapore Botanic Gardens, which were then under 
Japanese occupation. After returning home in 1946, he devoted himself to reading 
and writing until 1954, when he was persuaded by the earnest request of Hirosaki 
University to become its President. He was a leading figure in his native province 
ever since, and continued to be active until a few hours before his death. 

“Living” in the mountains, young Koriba became interested in morphological 
and ecological observations. At Imperial University of Tokyo, he paid much attention 
to physiology because he thought morphological and ecological facts were ultimately 
to be explained from the physiological standpoint. He began experiments to observe 
the effects of the environmental factors on the variable morphological characters. 
He made elaborate experiments and observations for his thesis with the idea of 
elucidating modifications in phyllotaxis of the spike of Spiranthes. 

Koriba was fond of observing vegetations. He visited the United States of America 
and European countries in 1918-1920, the Ponapé Islands in 1921, Java in 1929, South 
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America in 1931, and the northern part of China in 1940. 

Vegetations and their successions on the volcanoes, the high mountains and the 
sand dunes invited Koriba’s special attention, which resulted in the production of a 
number of papers. Taeniophyllum, Podostemonaceae and fossil Hydrodictyon awaited 
treatment by a morphologist and ecologist. Koriba published his theory in and after 
1927 that the morphogenesis, including the differentiation of the floral as well as 
the sexual organs, should be explained on the basis of the effects of substances such 
as phytohormones and vitamins. He began phytoclimatological study in 1931, and 
made extensive research on evaporation and transpiration from..1936 to 1942. In 
Singapore, where the climate is nearly constant throughout the year, he made 
observation of the periodicity in growth and leaf shedding of many kinds of trees. 

Koriba wrote a book on the forms of plants in 1951. In this unequaled book he 
discussed the plant forms from the viewpoints of organization, metamorphosis and 
function. In 1952 he published a comprehensive work on plant physiology and 
ecology. 

Koriba planned to write a book on evolution in the plant kingdom. It is said 
that his book on the forms of plants was written for the purpose of introducing the 
discussions on evolution. In an age of ever-increasing specialization, only a few are 
qualified to synthesize diverging fields to explain phenomena of life on sound ground. 
Such a man was Koriba. In his notes left behind we find that he intended to discuss 
evolution by synthesizing the morphological, physiological, ecological and genetical 
points of view. He was really a great biologist. 

Koriba was a beloved son of Mt. Hakkoda. He behaved, loved and hated as a 
man of Nature. Even under the military rule he was on the side of Nature and 
sci2nce, as we find him described in the post-War Gardens’ Bulletin, Singapore, 1947. 
Those who were priviledged to know him will certainly keep long the inspiration 
imparted by him. A life devoted not only to science but also to education in the 
true sense of the word. 


Joji Asnipa 


Studies on Cerophilic Growth of Moulds on Wax and 
Paraffin. II. 


Comparative Studies on Cerophilic and Tonophilic Growth 
of Moulds. 
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Introduction 


In one of the previous papers! of this series of investigations, the author has 
described a new species of fungus, Acrotheca cerophila» The organism;was originally 
isolated from a growth covering the surface of the waxy substance on the nodes of 
bamboo culms and it was actually shown to be cerophilic in the nature of its 
nutritive requirements, being capable of growing on synthetic media which contained 
wax or paraffin as the sole source of carbon. In view of the fact that its natural 
habitat was the kind described above, it was suspected that the organism might be 
a tonophilic form. The problem seemed to us to have a certain interest in connection 
with investigations on the tonophilic growth of moulds which have been carried on 
for several years in this laboratory3»4556. For the purpose of comparison, parallel 
experiments were carried out with several representative species of ordinary moulds 
as well as the typically tonophilic form mentioned above. In the following, the 
results of the experiments will be briefly described. 


Methods and results 


(A) Cultures on hypertonic growth media. For the purpose of obtaining various 
grades of physiological dryness, varied amounts of sodium chloride (0, 9.1, 13.6, and 
22.2% NaCl) were added to the basal medium (Czapek’s solution), and 2 to 5% agar. 
The reaction of the medium was found to be about pH 5.6-5.8, as measured after 
sterilization in an autoclave. The agar slants were inoculated with spores of the 
moulds and incubated at 30° for periods of two weeks or longer. The extent of 
growth is represented by the number of crosses in Table 1; (tit) indicates most 
vigorous growth of mycelium covering the whole surface of the agar; (+) stands tor 
scanty growth hardly exceeding the stage of spore germination; (—) indicates “no 


growth” as determined by minute examination with a magnifying glass. 


*Botanical Laboratory, Faculty of Science, Ochanomizu University, Tokyo, Japan. BAO7k 
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Table 1. Cultures on hypertonic media.* 


; Concentration of NaCl 
Incubation (%) 
Organism time Rg i 

day) 0 9.1 13.6 16.6 22.2 

Asher elias Pints ; 4 — ae rf = 7 
8 — ze ai = om 

yak 10 = + +h A = 
tonophilust 17 _ it Ht | tH = 

& ttt tt aa i == 

Aspergillus nigert}t F ne i a HH a, 
17 ttt HH tt tit a 

Penicillium notatum ‘ Ht HH i } i S 
10 ttt ; itt tt - 

sea 17 itt { tit ttt - 
Penicllium notatum : ue i u My = 
10 tit ttt rs 

cin V7 tH iH x 

7 

Se : tt i H i 7 
10 du Hit tit tit = 

Pa 17 tH tH tt * 

4 dit — — = = 

Acrotheca cerophilat +} A i 7 At nf ao 
17 tit ttt ttt “HE - 

: 4 tit te a “ - 
Aspergillus flavus}}t He fH Ht 4 i x 
17 i os tt HH - 

: tit Ht + - — 

Aspergillus oryzaett a H Ay i i a 
. ey it ‘ik ik +h - 

Aspergillus oryzae : ue ctl “ = 
3 t + — 

10 fut = 

ul 7 o | @ | m® | wo fo 
Aspergillus . A a if = = 
fumigatus 5052+ i ‘ fl i + = 
; Vee es 

Aspergillus i in aE ser 

: aie = 
fumigatus 5442+¢+ 10 itt tH Ht ++ a 
iy Att ttt tit ttt - 

Aspergillus ; i 7 = as ie 

it - = a 
fumigatus 5445}4+ Hl F aE a = 
tt aif _ 
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4 oe a3 — = os 
Monascus araneosusttt Fi i = a = if 
| ili Hi 4 at = z 
Cladosporium : Hl = 3 =] 
oO il | — a ~ fe 
herbarumtt ie i a tb = = 
/ ate int an ae 

4 i { i - = =, 7 
Alternaria sp.+ i i i a = S 
17 HH | ditt oF sts a 
oie ae 4 tt =i ; a eg 

Curvularia sp. i | i 

8 = = 
A ot | 10 | H = = 
2 17 | 4H | { Ht + = 


Ttif (cerophilic), 7f Cless marked cerophilic), + oe nation Grade of canny : 
* Composition of culture media, see text. 

The experimental results are shown in Table 1. If we use “halophily” to 
define the response of the test organism towards higher concentrations of. salt in 
the growth medium, the moulds in the above experiments will be divided into the 
following three groups; 

1) Stenohalophilic form, showing favorable growth only in the presence of higher 
concentrations of salt in the growth medium; 

Aspergillus glaucus var. tonophilus. 

2) Euryhalophilic forms, showing favorable growth over a wide range of salt 
concentrations; 

Aspergillus niger, Penicillium notatum P1, Penicillium notatum O06, Penicillium sp. 
PX, Acrotheca cerophila, Aspergillus flavus, Aspergillus oryzae, Aspergillus oryzae 383, 
Aspergillus fumigatus 5052, Aspergillus fumigatus 5442, and Aspergillus fumigatus 5464. 

(3) Non-halophilic forms, showing no growth or scanty growth above certain, 
relatively dilute, salt concentrations; 

Monascus araneosus, Cladosporium herbarum, Alternaria sp., Curvularia sp. A 2. 

There is, however, a gradual transfer from one group to another, which obscures 
the boundaries of these groupings. Indeed, with the lower members of the euryhalo- 
philic group in the above list, the author is not very sure whether they merit the 
term “tonophilic”. The demarcation between “positive growth” and “no growth” 
is much more distinct in the case of the third group of organisms in the above 
classification. The author is inclined to denote these organisms as “salt sensitive” 
rather than to the more modest expression, “non-halophilic”. This seems to be 
fully demonstrated in the case of Monascus araneosus and Cladosporium herbarum 
(see Table 1). 

B) Cultures under varied atmospheric humidity. Spores were inoculated on the 
underside of a slide glass mounted on the top of a small glass tube (20mm. in 
diameter; 30mm. in height), half filled with aqueous solution of sulfuric acid of 
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varied concentrations to maintain the atmosphere inside the tube at the desired level 
of relative humidity. The tubes were incubated at 30° and were subjected to con- 
tinual microscopic observation with respect to germination of the spores and their 


subsequent growth. 


Type. I Type Il 


iH 


a 4 Soul 
3 & 
5 
i it 
a, + 
100 95 90 80 70 "60 % 100 95 90 ~ 80 70 60% 


Atmospheric humidity (R.H.) Atmospheric humidity CR.H.) 


Fig.1. Germination and growth of moulds as influenced by atmospheric 
humidity (R.H.). 


Type IL. 1. Aspergillus glaucus var. tonophilus 
Type II. 1. Aspergillus niger 
2. Penicillium notatum P 1 
. Aspergillus flavus 
1, Aspergillus oryzae 383 and Aspergillus fumigatus 5052 
oy 


a 
oO 
5. Aspergillus fumigatus 5442 


. Curvularia sp. A2 


° 


7. Aspergillus fumigatus 5454 
8. Aspergillus oryzae 

9. Monascus araneosus 

10. Acrotheca cerophila 


The results are presented in Figure 1. Here also, growth is denoted in terms 
of an arbitrarily defined extent of microbial development; the crosses from (HH) to 
(+) indicate more or less marked growth of hyphae from the spores inoculated on 
the glass surface; a greater number of crosses expressing more enhanced growth 
observed; (—) shows that there was no indication of spore germination as examined 
from time to time during an incubation period as long as 60 days. 

The most prominent feature of the experimental results is the characteristic 
behaviour of Aspergillus glaucus var. tonophilus, which showed optimal growth at 
a relatively lower level of atmospheric humidity (about 80% R.H.). The growth of 
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this organism was actually found to be suppressed at 100% R.H., no germinatian of 
spores taking place under this incubation condition. An almost similar behaviour 
towards humidity was shown by another common mould, Aspergillus niger, except 
this mould could germinate at 100% R.H. (sce Fig. 1). Other mould species tested 
in the present study showed all types of response in this respect, from the versatile 
type represented by Penicillium notatum P1 to the less adaptable type including 
most other forms such as Monascus araneosus, Curvularia sp. A 2, Aspergillus fumigatus 
9442 and Aspergillus fumigatus 5454. The growth of the last-mentioned group of 
moulds is indeed restricted to the highest level of atmospheric humidity, above 90%, 
so far as the experiments in this study are concerned. It was rather disappointing 
to the author to find that the cerophilic organism, Acrotheca cerophila, presented no 
particularly characteristic behaviour in this respect. Indeed, Monascus araneosus and 
Cladosporium herbarum, which have been classified by the author under the non- 
halophilic (salt-sensitive) group belonged to the moisture-loving group in the ex- 
periments under discussion, their optimum atmospheric humidity for growth lying 
as high as 95% or more. The results of this set of experiments are summarized 
They term 
is meant here to denote the favorable response of the test organism 


in Table 2, together with those described in the previous section. 
“xerophily ” 
towards atmospheric dryness in the cover glass germination test described above. 

It will be deduced from the table that there is a close relationship between the 


two expressions of the response of the test organisms toward the water content of 


Table 2. Cerophilic and tonuphilic nature of moulds. 


Tonophily 
Organism : Cerophily 
Xerophily Halophily 
Aspergillus glaucus var. tonophilus | stenoxerophilic stenohalophilic C(-) 
Aspergillus niger euryxerophilic euryhalophilic Cre) 
Penicillium sp. PX = " C(+) 
Penicillium notatum P 1 " " Cl) 
Penicillium notaum O6 — " CCH) 
Aspergillus flavus " " (ae) 
Aspergillus oryzae ” " C (+) 
Aspergillus oryzae 383 ” ” C4) 
Aspergillus fumigatus 5052 " " C4) 
Aspergillus fumigatus 5442 " " Cay 
Aspergillus fumigatus 5454 ” ” Ci) 
Acrotheca cerophila ” Or wii C (+) 
Alternaria sp. = non-halophilic C(-) 
Curvularia sp. AZ " ' Ee 
Cladosporium herbarum — " CCE) 
Monascus araneosus — " CGE) 


Grade of cerophily: C(+) cerophilic; C(+) less marked cerophilic; C(—) non-cerophilic. 
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their environment: ie., “xerophily” on the oné hand, and “ halophily” on the 
other. 

C) Tonophily as influenced by cerophilic mode of growth. Another series of ex- 
periments was planned to investigate whether the tonophilic mature of a mould 
depends on its nutritional condition. The growth on a sucrose medium was com- 
pared with that on a paraffin medium, with and without the addition of sodium 
chloride as the osmoactive substance. The composition of each culture medium was 
as follows: Ordinary sucrose medium: 3% ucrose added to Czapek’s agar ; hypertonic 
sucrose medium: 16.6% sodium chloride added*to the above. Ordinary paraffin medium: 
0.7 g. paraffin (Merck; M.P. 55~56°) for each test tube containing 12ml. of basal: 
agar. Hypertonic paraffin medium:' 16.6% sodium chloride added to the above. 

The pH of the above media determined after sterilization in an autoclave was 
found to be 5.6~5.8. The slants inoculated with spores ware inctibated at 30° and 
the growth was followed until the final stationary state was reached. 

The results of the experiments are presented in Table 3. In accordence with 
the results reported in a foregoing paper) the growth on ordinary sucrose 
medium was most vigorous, except in the case of the strictly tonophilic’ organism, 
Aspergillus glaucus var. tonophilus. The growth on hypertonic sucrose medium was”! 


Table 3. Cerophilic growth of moulds as influenced by tonocity of 


culture medium, 


Medium* Usual medium | Hypertonic medium 
Carbon source Sucrose Paraffin Sucrose Paraffin 
=e Maximum Incu- Incu- - Incu- Incu- 
Sorted es Me Growth ae Growth feos Growth peo Growth abe 
lia wie (days) |. (dsys) : (days) (days) 
Aspergillus glaucus 
var. tonophilus — 63 — 63 filth 13~31 — 63 
Apergillus oryzae {itt 3 =e 10 htt 20 = " 
Aspergilus oryzae 383 {tt 3 a5 13 tit 23 — " 
Aspergillus niger dit 3 He Ht 28 {it q — ” 
Penicillium notatum P1 A 3 + 10 {it 9 — ” 
Peuicillium notatum O6 {it 3 a 10 {it i _ ” 
Penicillium sp. PX mn 5 ae 36 Hi 9 — ” 
Acrotheca cerophila tt 5-7 {ili 15 HE 19~63 _ " 
Aspergillus flavus 3 Ht 15 H~dt | 13~20 _ " 
Aspergillus fumigatus 5052 fit 4 4th 28 ae 63 S " 
Aspergillus fumigatus 5442 dit 8 di 20 ats 63 = 
Aspergillus fumigatus 5454 AN 4 4 28 +~4 63 = " 
Alternaria sp. di 4 =a 63 See 63 ss " 
Curvularia sp. A2 Hilt 4 — 63 Se 63 as ” 
Monascus araneosus a 5 {{{t 36 = 63 = 1" 
Cladosporium herbarum tie 3 +: 15 = 63 = ” 


* Composition of culture media, see text, 
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also luxuriant in the last-named form and other facultative-tonophilic forms including 
Aspergillus oryzae, Aspergillus oryzae 383, Aspergillus niger, Penicillium notatum 1? Il, 
Penicillium notatum 06, and Penicillium sp. PX, although there was more or less 
marked retardation of growth caused by high concentration of salt, as indicated by 
the increase in length of culture period necessary for the full development of the 
mould to take place (see Table 3). 

Marked inhibition under hypertonicity was observed in the case of less halophilic 
forms such as Acrotheca cerophila, Aspergillus flavus, Aspergillus fumigatus 5052, 
Aspergillus fumigatus 5442, Aspergillus fumigatus 5454, Alternaria sp. and Curvularia 
sp. A2; no growth whatsoever took place in Monascus araneosus and Cladosporium 
herbarum.. With cultures on paraffin, it was most remarkable that cerophilic growth 
was, strongly affected by high tonicity of the medium, no growth ever taking 
place on hypertonic medium, even with those typically cerophilic forms such as 
Acrotheca cerophila, Aspergillus flavus, Aspergillus fumigatus 5052, Aspergillus fumigatus 
0442, Aspergillus fumigatus 5454 Aspergillus niger, and Monascus araneosus. 

The inhibitory effect of high tonicity (or high salt concentration) on the ordinary 
growth (with sucrose) and on cerophilic growth (with paraffin) was investigated in 
more detail, using Acrotheca cerophila and Aspergillus niger as the test organisms 
(Table 4). It is again clearly shown that the cerophilic growth of these moulds is 
more strongly affected by high tonicity than its growth on sucrose, even in the case 
of tonophilic organism. 


Table 4. Development of mould growth on sucrose and paraffin 
as influenced by tonicity of culture medium.* 


Organism Acrotheca cerophila Aspergillus niger 
Carbon source Sucrose | Paraffin Sucrose Paraffin 
NaCl concen- 0 |5.9/12.2| 18 | 0 |5.9]12.2| 18] 0 |5.9|/12.2] 18] 0 |5.9/12.2] 18 
tration (%) | 
Incubation time 
(days) 
3 +] + —|-|-—| -—|—| my} m] + f-}-;-]| =]- 
5 1 ee A A i Ne 99 et, RG erg oi [Ee 
7 ae ah sare (ah oe ae a |) 
9 tit | atttt ae | Snr || Se Ge apne) aun |) 2) ae eee =e 
14 fit | ditt SE ae eae = | =e ee | a | a a = 
18 fit | tite +} — | dt | tt —/— |] a} thy — | 4b} 4b] -|- 
24 fit | tit + } — | dit | tt —|—|d | dt} Hl —oldy ty -|- 


* Composition of culture media, see text. 


On the basis of these experimental results, it seems most likely that there is no 


direct relationship between “cerophily” and “tonophily” in moulds. 


The author wishes to express her hearty thanks to Prof. T. Ohtsuki, Prot. Y. 
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Miyamoto, and Prof. A. Takamiya for their valuable advice throughout the progress 
of this study, and also to Dr. K. Tsubaki for his courtesy in giving these above 


mentioned mould strains. 


Summary 

Sixteen strains of moulds were examined on the point of cerophilic growth and 
tonephilic. 

(1) Cultures were performed on hypertonic growth media containing varied 
concentrations of sodium chloride. The tested mould strains were divided into three 
groups, namely “steno-”, “eury-” and “non-halophilic” forms. 

(2) Cultures were performed under varied atmospheric humidity. The results 
obtained are shown in Figure 1 and the results of this set of experiments are sum- 
marized in Table 2, together with those described in the previous section. 

(3) In order to elucidate whether the tonophilic:- nature of mould depends on 
its nutritional condition, another series of experiments was performed. The results 


obtained were shown in Table 3 and 4. 
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Since Steemann Nielsen (1952) used the !@C technique on the Galathea expedition, 
the !4C-method has been known as the most sensitive technique for measuring primary 
production in waters. However, many pending questions still remain in this method, 
though the critical test has been made by several investigators (Steemann Nielsen 
1952, 1957, Ryther and Vaccaro 1954, Ryther 1956, 1957, Miyake et al. 1954, Doty 1956, 
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1957). Moreover, almost all of these studies were concerned with the sea water and 
MC has not yet been employed adequetely in lakes. It seems to be indispensable to 
scrutinize the fitness of this method to measurement of the primary production of 
lakes. 

In the present paper the authors will discuss the application of the !C-method to 
the fresh water in comparison with the well known O»o-method. 


Methods 


The method used in this paper was similar in principle to Steemann Nielsen’s (1952) 
and Ryther’s (1954). Briefly stated, natural water or suspension of pure culture of 
algae was filled in a clear and a dark glass bottle and then added with 1 ml. of 
radioactive sodium carbonate solution containing 1 or 4 we. of MC. After exposure 
for about 3 to 6 hours, or in some cases for 24 to 48 hours, the phytoplankton in the 
bottle was filtrated with a membrane filter, then washed and dried, and its radio- 
activitity was measured with a G.M.counter. The absolute CO, assimilation of phyto- 
plankton was calculated as follows; 

Activity of @C assim. in phytoplankton 
Activity of 14C added in water 
Along with 4C-method, O2-method was used for determining assimilation and respira- 


CO, assim.=Total COs in water x 


tion of phytoplankton. Each result was verified with double or triple observations. 
The amount of total CO2 in water was measured by Saijo’s method (1956), by which even 


Table 1. Total CO, concentration in surtace water of some lakes 


Total CO; 

Lake type Lake Date eet 2 
Akagi-onuma Jil 2G, ols 8. 4 
Oligotrophic Biwako Sept. 15, 1955 18.3 
Ashinoko June 22, 1957 20. 0 
r P g ak - ft, PAS) altel 12.6 
Mesotrophic Harunako Sep , ff : 
Shinseiko Jeulive eo 5s oy) 
Kasumigaura Sept. 16, 1956 26. 6 
Eutrophic Teganuma March 26, 1957 . i 
Nakanuma May 30, 1957 42.0 
Jonuma Och eaipee so releen) 


low content of CO» was measured in field with an accuracy of 1.5 % only within 15 
minutes. The values thus gained in some Japanese lakes are smmarized in Table 1. 
Phytoplankton density was determined by pigment analysis and was indicated as 
chlorophyll amount. In all cases, O2 equivalent of CO2 assimilation was calculated 
under assumption of R.Q.=1, without consideration on the 6% depression of MC 
assimilation in comparison with 12C-assimilation (Steemann Nielsen 1952). Fluctuatioa 
of some of results gained with 14C-method is summarized in Table 2, It seems, 
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Table 2. Fluctuation of count number measured in each sample 
taken from some waters 


; ; : 7? foi aa Chlorella sp. 
Material Nakanuma raw water | Teganuma raw water pure cult. 
Duration hr. 14 2 2 
Laboratory 20° Laboratory 227 Laboratory 20° 
Condition \— aS —_—_— oe a 
| 12 Klux Dark 1) Wsciiybiee | Dark I) 1Siltutox 
126 6 Coe Le 4 329 
128 9 | 14if | S52 
Assimilation as | 131 145 | 368 
count/min. | | 
| 135 156 376 
| 162 | ‘ 


however, to be mainly caused by heterogeneous distribution of phytoplankton in the 
suspension rather than by technical error. 


Results and Discussion 


1. Relation of the photosynthesis to the light intensity 

Pure culture of Chlorella sp. was suspended in 1/5 concentration of Detmer’s solution 
and the suspensions were exposed to various light intensities at 22° in 100 ml. glass 
bottles. As light source, a 500 W flood lamp was used. The initial total CO, in the 
suspension was 20 mg./l. and the chlorophyll concentration was 0.052 mg./1l. Similar 
values were observed in natural eutrophic lakes in Japan (Ichimura 1956). Photo- 
synthesis was measured after 2 hour exposure to light, during which the bottles were 
rotated at twenty minute intervals in order to prevent the algae from sedimentation. 

Between the photosynthetic rates which were determined with 14C-and O»-methods 
good agreement was proved in higher illumination (Fig. 1), though in lower illumi- 
mation there was a discrepancy which 
might be caused by CO, dark fixation. 
This result coincides fairly well with 
Ryther’s (1956). 

The influence of CO», concentration 
on photosynthesis was investigated with 
both the methods. Various amount of 
sodium bicarbonate was added into 1/5 


oO 
=> 


/ 
/ 


Photosynthesis ig 02/e/h 


oO 
tS 


0 Detmer’s solution. The concentration of 
total COz was 5.5, 11, 22, and 44 mg./IL., 

oi . zt 6 ¢ *; (2 of respectively ; these fall in the range of 
Light intensity Hlux natural total CO, concentration in Japanese 

ricer yeliclbehesaneaieapatlee cteriation lakes. Fig. 2 shows the results obtained 
ONG) 2nd UC (@iamncivode mnt. gure at 20° and in 12 kilolux illumination. 


culture of Chlorella sp. The CQ, saturation in photosynthesis 
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occurred at about 5mg. CO: per 
litre, afterwards increase of CO, 
concentration caused only slight 
increase of photosynthesis. No 
special difference was detectable 
between the values obtained with 
14C- and Os-methods. 
Further comparison of both 
ethods was carried out on raw 
water sampled from 1m. depth of 
lakes. The experiments were start- 
ed under laboratory condition 
within 2-6 hours after sampling. 
Exposure time was varied depend- 
ing on the phytoplankton concen- 
tration; it was usually about 2 
hours for eutrophic lakes samples 
and 6 hours for oligotrophic ones. 
Fig. 3 indicates the light assimila- 
tion curves obtained with the sam- 


ples collected from Lake Teganuma 


(eutrophic) and Lake Haruna 
(mesotrophic). Dominant phyto- 
plankters in the former were 


Fragillaria crotonensis and Tabel- 
laria fenestrate, and in the latter 
they were Melosira italica, Eudo- 
rina elegance, etc. A fairly close 
agreement with the result obtained 
in Chlorella suspension was found 
in the case of Lake Teganuma. 
The data at Lake Haruna also 
showed similar trend, though it is 
not so clear as at Lake Teganuma. 
In Table 3 the main features 
obtained with both methods are 


summarized. 
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Fig, 2. Relation between photosynthesis and 

total CO, concentration measured by O, (@)- 

and !C (@)-methods in a pure culture of 

Chlorella sp. 
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Fig. 3. Photosynthesis measured by O,(@)-and 
44C(@)-method in the sample waters taken from 
Lake Teganuma (eutrophic) and Lake Harunako 
(mesotrophic). 
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Table 3. Main photosynthetic features obtained by C-and O.-methods in 
sample waters taken from Lake Teganuma and Lake Harunako. 
Figures in brackets denote mg. oxygen per mg. chlorophyll per hour 


: ie! CO, mg./l. |!4C-method mg. O,/]./hr.| OQ -method mg. O/I./hr. 
Lake | 
a Light Light-Dark Gross. Net. 
a Onn 0. 106 0. 123 0. 099 
Teganuma 34. ( (6 6) (6. 2) (7.2) (5.8) 
sun 0, 036 0, 031 0.041 0.035 
Harunako 11256 (4.8) (4.1) 6. 5) (4.7) 


2. Determination of photosynthetic rate under field condition. 


The general procedure was similar to that described previously. Photosynthesis 


was measured with so-called “in situ” method. Namely water samples taken up from 


various depths of lakes were suspended, after filling the 100 ml. or 200 ml. clear and 


dark bottles, to the respective depths where they had been sampled. In parallel with 


this, light intensity, temperature, chlorophyll and nutrient salt contents (PO,-P, 


NH,-N, NO;-N) in the water were determined by usual methods. 


The photosynthetic capacity of water alters with light intensity, and the density 


of phytoplankton varies with water depth. Fig. 4-A shows the vertical change of the 
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Fig. 3. Vertical changes of photo- 
synthetic rate measured by O,-and 
4C-methods in Lake Nakanuma 
and Lake Kasumigaura. 

O.-method (-@)-, net-photosynthe- 
SiS; ++(@)-+-, respiration) 'C-method 
(-@., photosynthesis; ---@---, dark 
fixation) 


photosynthetic capacity of water at Lake Naka- 
numa, which was determined at the deepest part 
of the lake in May. The bottles were kept in 
water for two days (a cloudy and a rainy). In 
the surface layer the value determined with 14C- 
method agreed closely with the net assimilation 
measured with O»-method, but in low light in- 
tensity at or below the compensation depth, the 
former value was greater than that of O2-method 
as expected from the results mentioned already. 
Fig. 4-B indicates the results obtained at Lake 
Kasumigaura on a cloudy day of November 1956. 
Samples were suspended in the lake from noon 
to next noon. Prevailing dominant phytoplank- 
ter was Microsistis sp. In case of measuring 
productivity under field condition, besides the 
photosynthesis itself, dark fixation of CO» should 
be taken into consideration. Intensity of dark 
fixation in lake water, so far as we know, was 
usually only few per cent of that of photosyn- 
thesis under optimal light condition, and it seems 
that the dark fixation is generally not so im- 
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portant in the primary production of the lake as for that of the sea. However, 


occasionally high values of dark fixation have also been measured in the authors ex- 


periments. It is therefore desirable to determine CO, dark fixation in each case in 


parallel with the measurement of photosynthesis. The authors will treat this problem 


in other paper in detail. 

3. Relation of duration time to 

the photosynthetic rate 

It has been said that phyto- 
plankton enclosed in a bottle cannot 
keep its normal photosynthetic activi- 
ty under the unnatural condition for a 
long time. As the duration time, 2-6 
hours are generally adopted ( Verduin 
1954). Effect of long duration on 
photosynthetic rate should be exa- 
mined with the 4C-method, too. Fig. 
5-A shows the change of photo- 
synthetic rate with time course, in 
continuous illumination of 12 kilolux 
at 22°. Water was sampled from 
Lake Nakanuma in April1956. During 
the first six hours, photosynthesis 
proceeded actively and lineary corre- 
lated with the time elasped, but after- 
wards activity declined gradually. 
Same trend was also observed in an 
experiment with sea water (Fig. 5-B). 
The dark fixation of COz was ex- 
tremely low in both the cases. Simi- 
lar experiment was done at Lake 
Ashinoko (oligotrophic) with the “ in 
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Fig. 5. Effect of duration time on photosynth- 
sis in continuous illumination measured by O,- 
and 4C-methods in natural waters. O,-method 
(©-gross-photosynthesis: © net-photosynthesis). 
4C-method (@ photosynthesis) 


Table 4. Relation of duration time to photosynthetic rate obtained 
by O,-and '4C-methods in Lake Ashinoko in July. First 


two days were rainy and last day was fine 


4C-method mg.Os/l. | O, miaenee mg. O,/1. 
ie ga soe Light Dark Net . Resp, . Gross 
feud 6 hours | 0.007 “ 0.002 0,008 0), 002 0.010 
eae Rew hie 0,017 0.003 0.017 0. 005 0, 022 
48 0 | 0,028 = lF 0,037 = = 
} = 
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situ” method on a cloudy day of July. The sample water was collected from 1m. depth 
and some bottles were suspended at the same depth from noon to sunset, and the 
others were suspended from noon to next noon. The results are summarized in Table 
4. The total photosynthesis throughout a day was almost the double of a half day 
value. 

Concerning this, other experiment. was carried out with Os-method at Lake Kasu- 
migaura in June. Photosynthesis during 12 hours was measured in two ways, i.e. 
one was summing of the photosynthesis measured every two hours, and the other was - 
determining photosynthesis at sunset after’a continuous 12 hour exposure. It was 
sunny during the experiments. Real assimilation of 0.85 mg. O2/l. was calculated in 
the former and 0.67 mg. O»/I. was obtained in the latter. The authors confirmed that 
the duration of exposure should not exceed half a day, because the continuous exposure 
from sunrise to sunset gave a depressed productivity. However; when a longer ex- 
posure is inevitable, it is recommended that the experiment will be started at noon 
and, finished at the next noon. 


Summary 


In this paper the authors tried some fundamental investigations on the 4C-method 
for measuring primary production in the lake in comparison with the Og-method. 

From the results obtained it was confirmed that the 14C-method is useful.for the 
measurement of the net photosynthesis and the exposure to light tor the measurement 
should not exceed halt a day even though in case of the /C-method. 

In general, dark fixation of CO» in lake is low, but occasionally high abnormal 
values were measured in some waters. It is therefore desirable to determine the dark 
fixation simultaneously along with the photosynthesis. 

Since the !MC-method is nat fit for.measuring respiration, proper allowances for 
respiration should be made in order to calculate the gross photosynthesis. 


The authors wish to express their cordial gratitude to Prof. M. Monsi and Prof. 
K. Hogetsu who gave the,authors helpful suggestions and valuable advice. The 
authors also desire to express their thanks to Prof. K.Noguchi and Prof. T. Hanya 
for their kind support for the present research. 
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On the Relationship between Plant Growth and Nitrogen 
Supply under. Water Culture Conditions 
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Since mineral nutrients are, together with light, water, carbon dioxide etc., es- 
sential for plant growth, their ecological effects on plant communities have been 
studied for 'many years § 1. Recently, Billings™ has reviewed many investigations in 
this field. However, the effect of soil chemical properties on plant communitiés seéms to 
have been explained on the rather weak basis of observations or assumptions. Therefore, 
some experimental studies are expected for the better understanding of mineral nutrient 
economy of a plant, or of a plant community. The mineral nutrient economy interacts 
so closely with dry matter production otf the plant community, which is rather directly 
dependent on,its productive structure, that the studies of dry matter production and 
productive structure have to be persued simultaneously for the sake of proper evelua- 
tion of the mineral nutrient economy. 

_ Concerning this, the author studied with water culture of Chrysanthemum corona- 
rium var. spatioswm the influence of nitrogen ion concentration upon the ion absorption 
and plant growth in connection with dry matter production ; change of nitrogen con- 
centration in plant tissue; and the effect of nitrogen deficiency on the concentration 


of other mineral elements in tissue. 


Material and Method 


As material Chrysanthemum coronarium var. spatiosum was used on account of 
small seeds and rapid reaction to nutrient conditions. Atter ten days from germina- 
tion, 37 seedlings whose mean dry weight was 1 mg. were transplanted to a water 
culture pot being 15cm.in diameter and each containing 2 liters of nutrient solution. 
One liter of the standard nutrient solution modified from Boysen Jensen’s®) had 1.00 g. 
KNO3, 0.25¢. CaClze6H,0, 0.25 g. MgSO4e7H20, 0.05 g. KH2PO4, 5ml. of 0.8% Fe- 
citrate, and 1.5 ml. micronutrient solution, whose constitution was the same as Boysen 
Jensen’s. The pH of the solution was 5.8. 

Four nitrogen levels, 0,5,20 and 100 p.p.m. of nitrate nitrogen, were prepared by 
change of KNO; amount in the standard solution, compensating the potassium con- 
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centration with addition of KCl. The culture solutions were not renewed throughout 
the growth period, for a preliminary experiment showed no marked difference 
in the initial growth under the conditions of 1 and 10 p.p.m. nitrogen levels. 
The water level in the pots was kept at 2cm. below the lid supporting the plants, 
frequently adding distilled water, and it prevented detectable deficiency of oxygen in 
the solutions. The pots were in a frame outdoors for 50 days, from July 15, 1954. 
Five plants per pot, of 4 or 5 series, were sampled at random on every 10th day. 

Chlorophyll content of leaves was determined photoelectrically, after converting 
it to pheophytin. Microkjeldahl method was adopted for measurement of total nitrogen 
in plant material, and for determination of nitrate nitrogen residue in the culture solu- 
tions phenoldisulfonic scid method was used. Total phosphorus, calcium, and iron 
were determined with ammonium-molybdate method (according to Denige), Ca-oxalate 
method, and dipyridyl reagent method, respectively. 

Photosynthesis, and respiration of leaves and stems were measured at excised 
organs with a modified Boysen Jensen’s method (1932). For the measurement of re- 


spiration of roots (excised) Winkler’s method was adopted. 


Results and Discussion 


a) Amount of nitrogen and plant growth:— Relations between the amount of 
nitrogen supply and plant growth 
are shown in Fig. 1, where it is clear 
400 that the maximal weights of the 
plants were approximately propor- 
tional to the total amount of nitrogen 


supplied, although all the growth 


GW 
O 
© 


curves ran in sigmoid shape with 
same initial growth rate until they 
reached a limitation given by nitro- 


gen deficiency in the nutrient solu- 


NO 
oO 
oO 


tion. Therefore, the initial growth 
rate seems to be independent of nitro- 
gen concentrations in the range of 
the experiment. This differs from 


MG.DRY WEIGHT PER PLANT 


fe) 
re) 


the results obtained by e. g. Hoagland 
et al») and Overstreet et al5), 


In order to assure the fact, an- 


other water culture experiment was 


@) 
0 io 20'"30""40" 56 carried out in the autumn 1955. Two 
DAYS pots of 15.5 p.p.m. and 16.2 p.p.m.of 
Fig. 1. Growth curves under various nitro- initial nitrate nitrogen concentrations 


gen supply. See text, were prepared, besides acontrol pot of 
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150 p.p.m. nitrate nitrogen. 
The procedure was the 
Same as above experiment. 15] 
It can be seen in Fig. 2 that | 
nitrogen concentration in 


the solutions diminished 


WN 
S) 


linearly with approximately 


linear increase of dry 


o 


weight of the plants, and 


there was no difference in 


'~) 
© 


the dry weight growth bet- 
ween the higher and lower 
nitrogen levels, though the 


8) 


= 
MG.DRY WEIGHT PER PLANT 


NO;N IN MEDIUM (PPM) 


nitrogen of the latters was 
perfectly exhausted by 50 
day’s culture. 


From these results, it 


can be concluded that the on eee 30 20 =o 
DAYS 


: Fig. 2. Changes of nitrate nitrogen in medium and plant 
Chrysanthemum coronarium growth. 


absorption of nitrate and 


the juvenile growth of 


var. spatiosum are, to some —Aa—: contro] (150 p.p.m.) plant, —@—: experi- 
mental plant. 


extent, independent of the —x—: mediumcontaining 16.2 p.p.m. of nitrogen. 
nitrate concentration in —O—: medium containing 15.5 p.p.m. of nitrogen. 
water culture solution, but the maximal growth is limited by the amount of nitrogen 
absorbed. Similar trends were observed in phosphate aud calcium experiments, whose 
results will be reported in another paper. Recently, Olsen?’ 13.1) found that ion 
absorption by rye and kitchen kale is independent of concentration above 0.003 m. eq. 
per liter 
b) Chemical contents in plant tissues:— Nitrogen concentrations in leaves, stems 
and roots were investigated at successive stages of growth. The nitrogen levels in 
the tissues decreased with growing of the plants, and the decrease occurred in earlier 
stage in the plants at lower levels than in those at higher levels (see Fig. 3). This 
may suggest, in comparison with the growth curves in Fig. 1, that the plants can 
continue to grow for a few days at the cost of nitrogen reserved in the tissues, after 
the whole ions in the medium was absorbed by plants. Moreover, each organ had its 
critical nitrogen concentration below which its growth should be stopped. The critical 
concentrations were about 1.4 % in the leaves, 0.7 % in the stems, 1.2% in the roots. 
The values may be very useful for the estimation of nutritional status ot field-grown 
plants, as discussed by Lundegardh” and Joham®. 

The results concerned with changes of total phosphorus are summarized in Table 1, 
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Lions 33 
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Contents of total nitrogen at 


successive stages of growth. 
©: N-100 plant, a: N-20 plant, 
@: N-5 plant, @: N-O plant. 
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Nitrogen deficiency resulted the accumula- 
tion of total phosphorus in each organ. 
Concerning ash, calcium and iron content, 
however, no marked differences were 
shown in connection with nitrogen de- 
ficiency, except for ash contents in stems 
and roots (Table 2). 

Symptom of nitrogen deficiency was 
visual in chlorosis of leaves, especially of 
lower leaves, before whole plant growth 
retarded. This agrees with Miller’s 
results!. Chlorophyll content was 4.93 
mg. per 10g. fresh leaves of the plants 
at 20 p.p.m. nitrogen level (N20), while 
of the at 100 p.p.m. levels (N-100) it was 
6.20 mg., on the 30th day of culture. 


c) Photosynthesis, respiration and dry 
matter production.— Photosynthetic 
activities of leaves of the N-20 and N—100 
plants water-cultured for 30° days are 
shown in Fig. 4. It shows a marked re- 
cession in activity caused by nitrogen 
deficiency. At that time the growth ot 
N-20 plants was already stopped, though 


there remained low photosynthetic activity in optimal illumination. Such recession 


of photosynthetic activity has also been detected by Miiller9» 1) in Simapis alba. 


Respiration of leaves of the N-20 plants showed a low value in comparison with 


Table 1. 


weight basis) 


Phosphorus contents at successive stages of growth. (Per cent on dry 


Nitrogen level 10 days 20 days 30 days 40 days 50 days 
N-5 0. 70 0. 54 0.19 (Osis) 0. 45 
Leaves N-20 .97 0. 46 0. 32 0. 32 0. 46 
N-100 74 0.70 (OL UR OMS OM? 
N-5 _- — @), dal 0. 26 OnS8 
Stems N-20 _ 0. 45 Oe nS 0, 24 35 
N-100 — 38 0.08 0.13 12 
N-5 — 58 11 Opal Ossi 
Roots N-20 -- 68 10 Ones 0. 26 
N-100 = 0.61 0.08 0. 20 0.16 
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Table 2. Contents of ash, calcium and iron of N-100 and N-20 plants after 50 
days. (Per cent on dry weight basis) 


Organ | Nitrogen level | Ash Calcium Avan 
N- 100 | 17.82 <a) = Go 
ae 2 17. 82 ie 0 099 
N-20 17.29 1.86 0. 080 
N-100 Ne 19.55 ts 86 ; 025 
ee 5 1. 86 0.025 
N-20 13. $2 1.81 0. 027 
N-100.1 | Mis epee? |) a eee 
aoe _) Oy 0), U2 
N-20 | 12. 40 0. 50 0.134 


that of the N-100 plants 
(see Table 3). Gregory and 
Richards» have also found 
the decreased respiration by 
20 % in nitrogen deficient 
barley leaves, while 
Miiller® described some in- 


crease of respiration in 


MG.C 02/50 CM?/HR. 


Sinapis alba. Nitrogen de- 


ficiency caused slight 


increase in respiration of 


= K.LUX 


that of the roots as shown Fig. 4. Light-photosynthetic curves of N-100 and N-20 
in Table 3. leaves after 30 days. 
—O—: N-100, —@—: N-20. 


the stems, and decrease in 


Furthermore, calcula- 
tion of dry matter production per day of these plants was done, according to Boysen 
Jensen’s method. Gross production (Pg) of a plant was calculated as 
assimilated glucose from the data of light-photosynthetic curve at 25°, total leaf area 
and light intensity curve of a day of August at Tokyo. Total amount of respiration 
(CR) of non-photosynthetic organs (stem and roots) per day was also calculated as con- 
sumed glucose at 25°. Net production (P,) of a plant, i.e. the value of (Pg —R), was 


Table 3. Respiratory activities of each organ of N-20 and N-100 plants. Temper- 
auineeZo 


Leaves Stems Roots 
(mg. CO,/50 cm.°/hr.) (mg. CO,/100 mg. D.W./hr.) | Gmg. CO,/100 mg. D.W./hr.) 


0, 68 | 0.36 0. 23 
0.71 | 0. 23 0.27 


N-20 
N-100 


13.7 mg. in a N-100 plant on the 30th day, while that in a N-20 plant was rather 
—5.5 mg., so the relative daily net production of the former was 7.1%, and that of the 
latter —5.4% (see Table 4). These values correspond roughly to the gradients (7 % 
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Table 4. Daily production of a N-20 and a N-100 plant after 30 days (at 25°). 


Dry weight (mg.) Leaf area | Pe R | Po % Ph 

Leaves Stem Roots Total (cm?,) (mg.) (mg.) (mg.) (mg. 

N-20- 60 25) ILM 102 18.4 —3.2 DE —5.5 —5.4 
)3 Biles 16.8 eull Bh i 


N-100 124 44 29 UNehs 


and —3% respectively) at the 30th day point on the growth curves in Fig. 1. Miiller® 
computed 27.6% net production in normal plant and 3.3% in nitrogen deficient one of 


Sinapis alba Cat Copenhagen in July). 


Summary 


Influence of nitrate ions upon the growth of Chrysanthemum coronarium vat. 
spatiosum was investigated by means of water culture, with special reference to dry 
matter production. 

1) Absorption rate of nitrate ion and the juvenile growth of plants were almost 
independent of nitrate concentration of the medium. However, the maximal growth 
of plants was limited by the total amount of nitrogen available. 

2) Nitrogen deficiency caused chlorosis, or chlorophyll content depression, in 
leaves, and accumulation of phosphorus in tissues, while it had no special effect on 
the content of ashes, calcium and iron. 

3) Decrease of nitrogen concentration in tissues was persued at successive stages 
of growth. Critical nitrogen concentration in each organ, at which the growth should 
cease, was detected. 

4) Marked recession of photosynthetic activity, and reduction of respiration in 
leaves and roots, but the increase of it in stems were observed being accompanied 
with nitrogen deficiency. Decrease of plant growth was also explained in the light of 
dry matter production. 


The author wishes to express his deep gratitude to Dr. K. Hogetsu, Prof. of Tokyo 
Metropolitan University, for his kind encouragement and advice in the course of this 


work. Thanks are also due to Dr. M. Monsi, Prof. of University of Tokyo for many 
valuable suggestions. 
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An isolated internodal cell of Nitella or a cell fragment obtained from the 
internodal cell by strangulation was able to develop a new shoot and rhizoids when 
it was cultured in agar gel with suitable culture solutions. Furthermore, the 
morphogenetic polarity was observed in the course of the development. Namely, a new 
shoot arose from the apical end of the cell or the cell fragment and new rhizoids 
appeared from the basal end in general. The term of the apical end represents the 
upper end of the cell when the cell took its position within the mother plant before 
it was cut off to be used in the experiment, and the term of the basal end indicates 
the opposite, lower end of the cell. But the morphogenetic polarity was reversed by 
changing light condition (Sandan, 1955). The present report deals with further 
experiments in regard to the artificial control of this morphogenetic polarity in the cell 


of Nitella. 


Material and Method 


An isolated internodal cell of Nitella flexilis which was about 4.0cm. in length 
and 400 in width was applied as material. The material was set in the glass 
apparatus consisting of two chambers in which the cell is cultured under pH gradient 
or IAA concentration gradient. This apparatus which was designed by Prof. N. 
Kamiya has been used for studies of protoplasmic streaming in Myxomycetes and for 
studies of osmosis in a single cell of Characeae. In the present work, these two 
chambers in the apparatus (A and B in Fig. 1) were filled with 0.6 % agar gel which 
was soaked with culture solution. As culture solution, solutions of various pH and 
of IAA in various concentrations were used in the present experiment. In the case 
of pH, Mcllvaine’s citrate-phosphate buffer solutions (0.01 M citrate, 0.02 M phosphate ) 
of various pH were used, and in the case of IAA, Sérensen’s phosphate buffer (pH 
6.6, 0.01 M) was applied as basic solution (control). The gradient of pH or IAA 


concentration was attained in the apparatus by using agar gel which was soaked 
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Fig. 1. The double chamber apparatus 


A: A chamber (length: 3.0cm., width: 1.5cm., height: 1.2cm.), 
B: B chamber, C: cover glass, M: material, S: stop cock 


with the solution of different pH or different IAA concentration in two chambers of 
the apparatus. In these two chambers the material, which is divided into two portions 
by the central glass septum as shown in Fig. 1, was submerged in agar gel, The 
space between the material and the glass septum was filled with lanolin. Thus, the 
material was cultured in the apparatus under pH gradient or IAA concentration 
gradient which was given in the surrounding medium. These two chambers of the 
apparatus were covered with a glass slip, and four stop cocks of the apparatus were 
also closed usually. Each experiment was carried out in the two cases: first, the 
case in which the apical end of the cell was set in A chamber, and second, the case 
in which the basal end of the cell was set in A chamber. All experiments were 
tried at room temperature under diffuse light of about 80 lux. 


Results 


The materials which were cultured under pH gradient or IAA concentration 
gradient as mentioned above were able to grow and develop a new shoot and 
rhizoids. According to the results attained by the present experiment the polarity 
of morphogenesis; was different from the natural one. A new shoot and rhizoids 
arose from the end which was placed in more favourable medium whether this end 
was apical or basal. 

1 Effect of pH gradient 

Figure 2 shows the end from which a new shoot and rhizoids were formed in the 
cell that was cultured under pH gradient. In this figure, (S) represents shooting 
and (R) indicates rhizoid formation. For example, in Experiment 1 (Combination pH 
4.0: pH 6.6) of this figure it is recognizable that a new shoot and rhizoids arose from 
the end of the cell portion which was placed in the medium buffered at pH 6.6. 

In Control and Experiment 5, shooting generally took place at the apical end 
and rhizoid formation occurred at the basal end according to the natural polarity. 
In the other case, however, the natural polarity disappeared. Judging from the 
results, it seems that a new shoot and rhizoids are formed from the end which is 
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Control | See we Conk | pH 6.6 (R or S) 
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Experiment 4 g 50) oo (Sy) G 
Experiment ) en eso ree R) On(8 ~ (UR @ie S) 


Fig. 2. Shooting and rhizoid formation in the cells which were 
cultured under pH gradient 


placed in the medium at or around pH 6.6. 

The rate of the protoplasmic streaming in the cell was generally constant except 
for two or three days at the start of cultivation, when it decreases, and for several 
days prior to shooting, when it increases, in all cases. And there was no difference 
in the rate of streaming between the portion that was placed in A chamber and the 
portion in B chamber. The decrease in the rate of streaming is probably due to the 
mechanical shock accompanying the culture treatment. The time required by the 
material for shooting or forming rhizoids after it was brought into the culture medium, 
and the constant velocity of the protoplasmic streaming in each case are summarized 
iil aie 1 


Table 1. Time required by the cells, which were cultured under pH 
gradient, for shooting or rhizoid formation, and the constant velocity of 
the protoplasmic rotation 


a f Time for Constant velocity 
eat bas rhizoid of protoplasmic 
ei a ine formation rotation 
ges ye) (days) (y./sec,) 
Control 16 i 58 
Experiment 1 20 20 48 
Experiment 2 19 20 51 
Experiment 3 2h De, 44 
Experiment 4 22 23 Al 
Experiment 5 19 18 53 
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2 Effect of IAA concentration gradient 

Figure 3 shows the end at which the new development occurred in the cell that 
was cultured under IAA concentration gradient. In Control, Experiment 1 and 
Experiment 5, a new shoot was formed from the apical end of the cell and rhizoids 
arose from the basal end according to the natural polarity. However, the natural 
polarity was lost in other cases. Considering the results, it seems that a new shoot 
and rhizoids are ready to be formed from the end which is placed in the medium 
containing about 0.1 mg./l. IAA. 

Similarly to the case in which pH gradient was applied, the rate of protoplasmic 
streaming in the cells which were cultured under IAA concentration gradient was 
generally constant except for two or three days at the start of cultivation and for 
several days prior to shooting. However, in Experiments 1, 2 and 3 the rate of flow 


A B 
Control ‘Omg/l. ork) | 0 mg/l (R or S) | 
Experiment 1 0 (S or R) | 0.05 (R or S) 
Experiment 2 iv 0 | 0.1 (S) (R) 
Experiment 3 - V | stein (8) (ey 
Experiment 4 Mean on ay oy | a7 ae: 
Experiment 5 hits bi ie or) | 0.5 CR or S) 


Fig. 3. Shooting and rhizoid formation in the cells which were cultured 
under IAA concentration gradient 


Table 2. Time required by the cells, which were cultured under 
IAA concentration gradient, for shooting or rhizoid formation, and the 
constant velocity of the protoplasmic rotation 


Timer Time for Constant velocity 
shooting rhizoid of protoplasmic 
(days) formation rotation 
(days) (Gy/SeCD) 
Control 16 il 58 
Experiment 1 NG — ly : 58 
Experiment 2 19 . 18 a 56 ; 
Experiment 3 20, ro ‘19 50 ; : 
Experiment 4 19 ; 21 52 
Experiment 5 iG ; 18 7 56 
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in the portion which was placed in B chamber (containing IAA) was slightly 
larger than that in the portion in A chamber (containing no IAA) for three or four 
days after recovery to the normal rate from the diminished rate, which is probably 
due to the mechanical shock accompanying the culture treatment. But the velocity of 
the portion in B chamber soon became slow and reached the same value as that of 
the portion in A chamber. The time required by the materials for shooting or forming 


rhizoids and the constant velocity of the protoplasmic rotation are shown in Table 2. 


Discussion 


A new rhizoid was formed from the portion in the medium of strong acidity 
when the fertilized egg of Fucus was placed in the medium in which pH 
gradient was given: pH 5.8 at one side of the egg and pH 83 at the opposite side 
(Whitaker, 1937). In the present work using Nitel/a cell, a shoot and rhizoids arose 
from the end which was placed in the medium at pH 6.6 or around 6.6. Sandan and 
Ogura (1957) reported that the most suitable pH for the morphogenesis of the cell 
of Nitella is around 6.6. Olson and duBuy (1937) observed that when fertilized egg 
of Fucus was placed near a capillary which was filled with sea water containing 8- 
IAA, a new rhizoid arose from the portion near the capillary. Overbeek (1940) 
mentioned that rhizoid formation in various algae ordinarily arises at the portion 
containing a large amount of IAA. Btinning (1952) said that the factor controlling 
polarity in plant may be unequal distribution of IAA. 

According to the results obtained from the present work, a shoot and rhizoids in 
the Nitella cell, which was cultured under IAA concentration gradient, were formed 
from the end that was placed in the medium containing about 0.1 mg./l. IAA. The 
appropriate concentration of IAA for the morphogenesis of the cell is 0.1-0.3 mg./1. 
(Sandan and Ogura, 1957). Thus, a new shoot and rhizoids in the isolated cell of 
Nitella, which was cultured under pH gradient or IAA concentration gradient, arose 
from the end that was placed in adequate medium, whether this end was apical or 
basal. r 

The morphogenesis and the protoplasmic streaming in Nited/a cell were accelerated 
by application of IAA in low concentrations (Sandan and Ogura, 1957). In the 
present work, however, the velocity of protoplasmic streaming in the cells which 
were cultured under JAA concentration gradient was not larger than that in the 
control cell. Further, in the case of control, a shoot and rhizoids were formed ear lier 
than in all the other cases. It is likely that the cell is liable to be hurt when its 
two ends are brought into contact with solutions of IAA of different concentrations 
even though each of the concentrations is favourable for morphogenesis. ‘This is also 
true for pH. 

Artificial control of morphogenetic polarity in Nitella cell was also attained by 
the experiment of Sandan (1955) who found the following phenomena: When the 
isolated internodal cell of Nite//a was cultured in the vertical, normal position. a new 
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shoot generally arose from the apical end and rhizoids appeared from the basal end, 
but when the cell was cultured in the vertical, inverted position and the lower half 
of the cell was kept dark, a new shoot was formed from the upper end, which is 
actually the basal end, and rhizoids arose from the lower end, which is actually the 
apical end. 

It has been well known that rhizoid formation of spore cell in such lower plants 
as Equisetum, Cystoseira, Anthoceros, Laurencia, Marchantia, Fucus and Bryopsis occurs 
at the dark portion of spore cell (Stahl, 1885; Peirce and Randolph, 1906; Hund, 1931; 
Steinecke, 1925; Knapp, 1931; Bloch, 1934; White, 1934). 

In the light of the present’ experiment and of the previous’ work with special 
reference to the reversal of morphogenetic polarity by changing light eondition 
(Sandan 1955), we are now in a position to say that the’ morphogenetic polarity in 


Nitella cell is certainly weak and is easily controlled by artificial treatment. 


Summary 


When the isolated internodal cell of Nitella flexilis was cultured under pH gradient 
or IAA concentration gradient, which was given in culture medium, a new shoot and 
rhizoids were formed from the end which was placed in more adequate medium, 
whether this.end was apical or basal. Sandan (1955) found that the morphogenetic 
polarity of the cell can be reversed by changing light condition. In the light of 
these experiments we are now in a position to say that the morphogenetic polarity in 
the cell of Nitella is certainly weak and is easily controlled by artificial treatment. 


The author wishes to express his most cordial thanks to Prof. N. Kamiya of Osaka 
University for his kind direction and helpful criticism throughout this work and also 
to Prof. T. Nakamura for his valuable advice. 
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Japanese pearl millet, Pennisetum japonica Tri., which belongs to Gramineae, is 
a perennial herb growing vigorously in the field or on the roadside. In early autumn 
it bears an about 17cm. long cylindrical spike at the top of the culm with reddish 
purple hair which becomes black purple in late autumn and-discolours in winter. A 
preliminary examination indicated that the colouring matter in the hair is an 
anthocyanin. 

The present study is to further the investigation and determine precise nature 
of the anthocyanian. 

, In 1955 one of us (M.S.) succeeded in obtaining in crystalline state the pigment 
in the hair of the spike of this grass collected on the campus of our. university, but 
the yield was too smal] for the determination of the precise nature of this anthocyanin. 

The process of isolation of the pigment from the spikes collected on the campus 
in mid-October, 1956, is described in detail in the experimental part. 

The yield of the crystalline pigment was 728.1mg., about 0.002 per cent of the 
fresh weight of the collected spike, the comparative scantiness of the yield being 
attributable to the fact that the pigment is contained only in the hair of the spike. 

The results of the investigation showed that the crystalline pigment was a 
glucoside, which consisted of cyanidin and glucose. The pigment was, therefore, sup- 
posed to be either chrysanthemin or cyanin. 

As a result of comparative studies of the pigment of this grass with chrysan- 
themin, which had been isolated from the flower of Lycoris radiata Herb. by K. 
Hayashi (1937), it was concluded that the pigment of the spike of Pennisetum japonica 
Trin. is nothing other than chrysanthemin (3-8-glucosidylcyanidin chloride). 


Cl 
Oo OH 
HO ce CD 
ey ae 1,05 
OH 
Chrysanthemin 
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Experimental 


Isolation and purification of anthocyanidin glucoside. 

In a percolator were placed 32.445 kg. of the fresh spikes of Pennisetum and were 
immersed in 211. of 1% methanolic hydrochloric acid. After being allowed to stand 
overnight, the pigment solution was decanted. Then the residual spikes were soaked 
twice in 81. of methanol, taken out, enclosed in a hemp bag and pressed. The ex- 
tract obtained was filtered. 

About 361. of brown-red extract thus obtained was mixed, under continuous stir- 
ring, with saturated basic lead acetate solution, whereupon first white precipitate of 
lead chloride, then green precipitate of lead compound of anthocyanin was formed. 
The precipitate was filtered by suction, washed thoroughly with water, then with 
absolute ethanol and dried in a calcium chloride-containing desiccator (1025 g.). The 
lead compound of the pigment was pulverized in a mortar and converted to chloride 
with 5% methanolic hydrochloric acid. Then the white precipitate of lead chloride 
was filtered off. The bluish red filtrate obtained was carefully concentrated to 2/3 
volume under a reduced pressure at 35° and filtered. The concentrated filtrate of 
the pigment was precipitated by the addition of 5 volumes of ether and kept in a 
refrigerator overnight. The hygroscopic precipitate, which adhered to the wall and 
the bottom of the flask, was dissolved in a small quantity of ethanol and then 
filtered. The filtrate began to precipitate on addition of 3 volumes of ether and it 
was kept in a refrigerator to complete the precipitation. The process was repeated 
three times till the amorphous precipitate of the pigment was no longer hygroscopic. 
The purified precipitate was dissolved in a small quantity of absolute ethanol and 
then the solution was filtered. To the filtrate, which contained the purified antho- 
cyanin chloride, 1/2 volume of 5% ethanolic hydrochloric acid was added. After be- 
ing allowed to stand for 5 days at room temperature, the solution began to form the 
crystals of the pigment. Then it was stored in a refrigerator for completion of the 
crystallization. After 11 days of incubation about 0.8031 g. of raw crystals of antho- 
cyanin were obtained. Then a small amount of cold 5% ethanolic hydrochloric acid 
was added to the mother liquor, which was allowed to stand several days at room 
temperature and a little more crystals of about 0.28 g. of red pigment were obtained. 
The total weight of the raw crystals obtained was, therefore, about 1.831 g. 

Raw crystals of the pigment dissolved in a small amount of warm water, on 
addition of an equal volume of 7% hydrochloric acid, formed lens-shaped purplish 
crystals after being allowed to stand for 3 days, but, on addition of an equal volume 
of 5% ethanolic hydrochloric acid, formed red-brown needles after being allowed to 
stand for a day. After two more process of recrystallization, 0.7281 g. of pure pre- 
paration was obtained. The yield was very low (about 0.002% of the fresh weight). 


Anthocyanin chloride (Chrysanthemin chloride) 
The crystals of Pennisetum-anthocyanin obtained, as shown in Fig. 1, were purple, 


May 1958 Bot. Mag. Tokyo, Vol. 71, No. 839 195 


of small lens shape and had a fine golden luster. The air-dried preparation decom- 
posed at 221° Cuncorr.), had 1§ molecule of water of crystallization and lost all 
of it at 105° im vacuo (1mm. Hg). 
They were easily soluble in water and methanol 

giving a blood-red solution, slightly soluble in ‘s “one 
ethanol, 0.59¢ and 20% hydrochloric acid, insoluble | 
in 1,2,3, and 7% hydrochloric acid and easily 
i 


soluble in 72g sulphuric acid. The pigment solu- 


‘ 
tion, dissolved in a small amount of warm water 


and diluted with a large amount of ethanol, showed 
the following colour reactions: it turned blue on 
addition ot sodium hydroxide solution, turned red rae 
purple with sodium carbonate solution and pure 
blue with ferric chloride solution. Ete 

The distribution number of this pigment was estimated as 10.5 and 12.0, some- 
what different from that of the chrysanthemin from Lycoris (18.6, 18.1) (K. Hayashi, 
1937), from Calycanthes (10-12) (K. Hayashi, 1952) or obtained from red autumn 
leaves of Acer species (17.8, 19.0) (S. Hattori and K. Hayashi, 1937). 

The Pennisetum-anthocyanin was compared with the authentic specimen of 
chrysanthemin from Lycoris radiata Herb. 

No depression of the melting point was observed in the mixture of chrysanthemin 
(222°) and Pennisetum-anthocyonin (221° ). 

Paper chromatography by the ascending one-dimensional procedure was achieved 

at room temperature 


with acetic acid/ 


conc. hydrochloric 
acid/water mixture 
(3 :1:8),2-buthanol/ 
acetic acid/water 
mixture (4:1:5), 
and n-buthanol/ 
conc. hydrochloric 


Optical density 


acid/water mixture 


(7:2:5) using Téy6 
No. 52 filter paper. 


700 600 500 400 300 200 The results of paper 
Wave length (mp) chromatography, 
——_ “ Pennisetum”-anthocyanin, 5/10,000 mol in 60% EtOH(HCI- with acetic acid/ 


cometh ey: conc. hydrochloric 
Chrysanthemin (from Lycoris yvadiata Herb.), 5/10,000 M. 
in 60% EtOH (HCl-conc. 0.1%). 

Fig, 2. (8: 128) as a de- 


acid/water mixture 
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veloping solvent showed the following R,-values: 

Chrysanthemin from Lycoris 0.37(1), Pennisetwm-anthocyanin 0.37(2), the mixture 
of the pigments 0.37(2). 

Comparison of the absorption spectra of chrysanthemin from Lycoris and Pen- 
nisetum-anthocyanin showed that both of the curves exhibited characteristic peaks 
at 530, 283 and 210 my coinciding with each other (Fig. 2). 

Anal. Calcd: for CoH OmCl : CG, 52.033 H, 437, Bounds G)rb2:33, 92:42 5,004 55; 
4.36. 

Water of crystallization. Calcd. for Cz,)H210;, Cl. 14 HzO: H20, 5.28. Found: 
HO, 5.32. 

The experimental results described above leave no doubt that the Pennisetum- 
anthocyanin was essentially the same as chrysanthemin obtained from the flower of 


Lycoris radiata Herb. 


Hydrolysis of Pennisetwm-anthocyanin chloride 

In 30ml. of warm water were dissolved 146.2mg. of air-dried crystals of Pen- 
nisetum-anthocyanin, to which was added an equal volume of conc. hydrochloric acid 
(d.1.18). The solution was boiled for 3 minutes and allowed to stand for a day iri 
a refrigerator. Dark chocolate-brown needles (aglycone) crystallized out from thé 
solution, the mother liquor becoming faintly rosy in colour. The crystals of aglycone 
were fillered by suction, washed with 10% hydrochloric acid and dried over sodium 
hydroxide in a desiccator. The aglycone obtained was about 96.5mg. in weight, the 
yield being 66.0 per cent of the anthocyanin used. 

The acidic mother liquor was shaken thoroughly with zso-amyl alcohol to remove 
a trace of dissolved aglycone. The mother liquor was then shaken with ether to re- 
move iso-amyl alcoho! dissolved. ; 

The nature of the sugar contained in the solution was tested by colour reactions, 
paper chromatography and osazone formation. 

As a developing solution of chromatography, mostly the mixture of n-buthanol/ 
acetic acid/water! (4:1:2) and sometimes that of phenol/water (6:1)" was used and 
the developed filter paper was sprayed with 0.1% potassium permanganate solution 
or ammoniacal silver nitrate solution. There appeared only a spot ot glucose on the 
paper chromatogram. 

The osazone of the sugar was obtained by the usual procedure in yellow acetone- 
insoluble needles and had a melting point of 205°. The osazone was mixed with 
authentic glucosazone (m.p. 206°) and no depression of the melting point was observed. 

The data for the determination of the sugar described above indicate that the 
glucose is the sole sugar combined with the anthocyanin pigment in the hair of the 
spike of Pennisetaum. 


Aglycone (Cyanidin chloride) 


The aglycone obtained by hydrolytic decomposition of Pennisetum-anthocyanin 
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was dissolved in a small amount of ethanol and filtered, and then nearly an equal 
volume of 2% ethanolic hydrochloric acid was added to it, whereupon long red brown 
needles crystallized out from the solution (Fig. 3). The crystals presented the same 
appearance as described in detail in the report of 
R. Willstatter and E.K. Bolton (1916). They lost 
a molecule ot water of crystallization under a re- 
duced pressure of 1mm. Hg at 105° and showed 
the following characteristics: they were easily 


soluble in ethanol and methanol; almost insoluble 


in water and in cold dilute and concentrated hy- 


drochloric acid; fairly soluble in warm 7% sul- 
phuric acid and when cooled, crystallized out as 
the sulphate of cyanidin. The aglycone dissolved 
in dilute hydrochloric acid was extracted completely mie 
with zso-amyl alcohol. The purplish alcohol solu- 

tion of cyanidin became pale yellowish brown (formation of carbinol base) on addi- 
tion of 2 volumes of hot water, and on addition of acid turned slowly again to initial 
purple. 

On addition of ferric chloride solution, the ethanol solution of aglycone turned 
blue, and then dirty green; on addition of 20% lead acetate it formed a blue pre- 
cipitate; turned purple with 50%, sodium acetate and blue with 5024 sodium car- 
bonate. The aglycone showed the absence of a methoxyl group after Zeisel-Pregl 
method. 

Anal. Caled. for © .B,,0,C1: C,.55.81; H, 3.41. Found: C,.55.607 H,, 3.46. 

Water of crystallization. Calcd. for CysH,;OgCl-H2,0 : H2O, 5.29. Found: H.O, 5.45. 

From the above mentioned experimental results, one might conclude that the 
aglycone of Pennisetum-anthocyanin is nothing other than cyanidin. 

We are indebted to Prof. K. Hayashi (Tokyo University of Education) for the 


valuable advice and the kind supply of the authentic specimen of chrysanthemin. 
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Distribution of Electric Potential on the Seedling of 
Phaseolus angularis, a Hypogeal Plant.* 


by Kunihiko IcHIMURA** and Hisashi OkamMoTo** 
roe > PAAR: 7 SEHR EOBNIAHITOWT 
Received January 22, 1958 


During the past few years some investigations were carried out on distribution of 
electric potential on embryonal plants!}2). At our laboratory, distribution of electric 
potential in relation to growth process was investigated, using an epigeal plant, Vigna 
sesquipedalis. The results obtained by one of us2) showed that a distinct valley of 
potential curve along the growing axis appears on the elongating part of the hypo- 
cotyl after 60 hours in culture, the relative position of the valley moving upward 
with growth of the plant and finally, in later stages of germination, shifting to the 
growing part of the epicotyl. It was pointed out that value of oo the second 
spatial derivative of the electric potential (£) with respect to the elongation axis (x), 
is positive in the region where elongation occurs. Hatakeyama and Kawano?) ob- 
served an appearance of a similar potential valley in the upper region of a shoot of 
sweet potato, where active growth is supposed to occur, though they described little 
about the growth process of the shoot. 

We report in this paper results of investigations on distribution of electric poten- 
tial on the hypogeal embryo of Phaseolus angularis and those on changes of the 
potential distribution during its growth process. Our aim was to determine whether 
the same relation between distribution of electric potential and growth of axial organ 
as found in Vigna sesquipedalis, exists in Phaseolus angularis, a typical hypogeal 


plant. 


Material and Method 


Seedlings of Phaseolus angularis were used for experimental material. After seeds 
were soaked in tap water for 8 hours at 30°, they were sown in washed sand and 
then incubated in the dark at 30° for 6 days. 

There is a marked contrast in growth behavior between seedlings of Phaseolus 
and those of Vigna. The epicotyl of Phaseolus begins to grow after a short lag 
period of one and one-half days; during the next four and one-half days it continues 


* Supported by the Grant in Aid of Scientific Research of the Ministry of Education. 
** Biological Institute, Faculty of Science, Nagoya University, Nagoya, Japan. ABA? 
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to grow rapidly, until, within six days after seed sowing, it has reached 210 mm. in 
length, whereas the hypocotyl grows rapidly up to 5mm. only in the first day and 
one-half (a time during which the epicotyl has not yet started its growth), and from 
then the hypocotyl remains unchanged. As to Vigna seedling, the hypocotyl elon- 
gates rapidly in the first four days until it reaches a length of about 140mm. when 
growth ceases and then the epicotyl begins to grow. Therefore, the essential differ- 
ence between the epigeal and hypogeal growth is ascribed to the relative growing 
capacities of hypocotyl in both plants. 

An electron tube potentiometer was employed tor measuring the potential diffe- 
rence. For measuring electrode, a non-polarizable electrode of Zn/ZnSO,/Shive solu- 
tion was employed. 

The material was placed on keel-blocks composed of a number of agar pieces in 
a set. Details of this arrangement. were described in the previous paper”. 

Except for the 2-day-old embryo, one electrode was always fixed at a point on the 
epicotyl about 10mm, above the cotyledonary node and another electrode was put 
successively one after another along the elongation axis on each of the agar pieces of 
the keel-blocks. To pick up potential differences in the hook region, the arrangement of 
agar pieces was suitably modified from the regular serial arrangement of keel-blocks. 

It was difficult to place the 2-day-old embryo on keel-blocks of agar pieces. 
For that reason agar pieces were arranged so as to be in contact with certain regions 
of the epicotyl. 

Electric potential of the cotyledon was also measured. Seed coat was peeled off 
and asmall cubic piece of agar was attached to the naked cotyledon. The measuring 
electrode was placed in contact with this agar piece. In the experiment, results of 
which are illustrated in Fig. 5, the reference electrode was attached to the cotyledonary 
node.* 

These experiments were carried out at room temperature, from 25° to 30° under 
diffused light. 


Results and Discussion 


Longitudinal distributions of electric potential on the embryo of Phaseolus angu- 
laris at various culture stages are illustrated in Figs. 1-A to E. 

Here a valley of potential curve appears clearly in the part of the epicotyl elon- 
gating most rapidly, in the samy way as was formerly reported for the hypocoty] 
of Vigna®. The relative position of the potential valley changes upward accom- 
panying the growth of epicotyl. Elongation process of the epicotyl is very similar 
to that of the hypocotyl! of an epigeal Vigna embryo (Fig. 2 and c.f). A noti- 
ceable elongation of epicotyl occurs in the most apical region of 21-24 mm. in length 
(Zone A in Fig. 3), which is the hooked region. 


* The potential difference between the cotyledonary node and the point 10 mm, above it 
is usually only 1-2 mV; in no case can it exceed 3 my. 
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Fig. | A-E. Distribution of electric potential and elongation velocity of 
epicotyl in various culture ages. 


Ordinates (left): Potential difference in mV. 
(right): Elongation velocity of epicotyl in mm./12 hrs. 

Abscissae: Distance in mm.from point of reference electrode, 10 mm. 
above cotyledon. (With 2-day-old embryo, the reference 
electrode is placed in the boundary region between radicle 
and hypocotyl. ) 

E, : Potential level of cotyledon. 

: Potential level of plumule, 
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It was pointed out previously?) that the distribution of elongation velocity does 
not coiacide with the distribution of electric potential itself, but that it does with 
the distribution of the second spatial derivative, os of the electric potential (-) 
with respect to elongation axis (x), and that - . - always has a positive value in 
a region where elongation occurs. Theoretical basis for these phenomena was also 
discussed. 

We can recognize that this hypothesis is applicable to the hypogeal embryo as 
well, viz., that the elongating region corresponds to the valley of potential curve 
where values of the second derivative are positive so far as the epicotyl of the 2- to 
6-day-old embryo is concerned (Fig. 3, Zone B). 

The fact that the head region of the epicotyl where elongation does not take 
place has a slightly higher potential level than the hook, can be ascribed to low 
water content or less consumption of substances, including various kinds of ions. 
This condition signifies that there is a condensed state of ions, which causes a valley 
in the potential curve in a region somewhat apart from the head region. 


0 2 4 6 DAYS 
Fig. 2. Growth curves of epicotyl for : 7 : ok 
the different parts of the axis, Bie.j3 Elongating regiopant 0 2 yale 
of epicotyl. 

Each curve represents the position Ordinate: Distance from the cotyledo- 
of a growth mark made at certain nary node towards shoot apex, 
intervals on 2-to 4-day-old epicotyl. Zone A: Elongating region of epicotyl. 

Zone B: Region showing positive value 
ok 
Of 
oa 


Curves are drawn through both upper and 
lower ends of the elongating regions, 
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Here we point out that during earlier stages of germination, cotyledon has a 
higher potential level as compared with other parts of the embryo, i.e. in 2- or 3- 
day-old embryo the potential gradient between the cotyledon and epicotyl part is 
first steep, gradually becoming a gentle slope in later germination stage (Fig. 5). 

Evidence of the fact that cotyledon in earlier stages of germination has a higher 
potential level has already been given for other plants, e.g. for Helianthus annuus, 
Pisum sativum by Kinoshita? and in Vigna sesquipedalis by one of us?®. And the 
lowering of the positive potential of cotyledon in later germination stages was 
observed in Vigna® too. 

According to the data reported by Ramshorn® and Oda, the apical part of 
hypocotyl in hypogeal plants was shown as more positive. Although they did not 
measure the potential of cotyledon itself, their results seem to suggest a high posi- 
tive potential of cotyledon. 

Assuming potential difference to be due to spatial difference in ionic concentrations, 
it is reasonable to consider that there should be a remarkable gradient of ionic con- 
centration between cotyledon and axial part of seedling in the first stages of germina- 
tion. In fact, it was indicated in another experiment using Vigna embryo® that 
the ratio of ionic concentration in both parts, a ratio first fairly large, decreases with 
growth of embryo because of the transport of inorganic ions and metabolites from 
cotyledon to axial part of seedling. 

Although, as yet, we have no information on the chemical composition of the 
embryo of Phaseolus angularis, we have some data to support the above conclusions. 
In Fig. 4 we give the ratio of cotyledon dry weight (DW) to fresh weight (*W) 
which decreases in linear relations to progressing culture age. 

Here we can also examine the validity of the presumed relation between electric 
potential and ionic concentration2) in cotyledon. In Fig. 5, besides the. observed 
values of potential (c. f. METHOD), the theoretical curve of the following half- 
empirical equation is plotted. 


RT DW : 
— 50 mV 
Bune oi. 6 


E> 
In this equation, &, means electric potential of cotyledon, the constant 50 mV_ is em- 
pirically introduced, and the variable DW/FW-DW is to be expected to change appro- 
ximately in proportion to ionic concentration in cotyledon. The observed values of 
FW and DW shown in Fig. 4 were inserted into this formula. Although the obser- 
ved values of E, are somewhat dispersed, the parallelism between them and the 
theoretical values cannot be regarded as insignificant. 
The kinds of ions which are mainly responsible for maintenance of the electric 


potential, are yet to be clarified. 
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Fig. 4, Concentration change of tissue Fig. 5 Change of potential difference bet- 
substances in cotyledon. ween cotyledon and cotyledonary node 
FW: Fresh weight of cotyledon per with growth of the plant. 
embryo. @ (dots): Observed values. 
DW: Dry weight of cotyledon per SSG : Theoretical curve 
embryo. Gee text): 


The cotyledon of 5- to 6-day-old embryo shows a lower potential level than the 
level of the part of epicotyl in which elongation had already stopped (Figs. 1-D and 
E). This seems to support the consideration that, in the axial organ, a transforma- 
tion in the metabolic pattern of the anabolic into a catabolic may occur in an epicotyl 
of Phaseolus, a consideration suggested by Oota et al. for the hypocotyl of Vigna 
sesquipedalis'»», and in this respect, the part of the epicotyl in which elongation 
has ceased may become a storage organ, showing in later germination stages a higher 
potential level than other parts of embryo. 


Summary 


1. Determination was carried out for distribution of electric potential on the 
surface of a typical hypogeal embryo, Phaseolus angularis, and distribution curves of 
the potential were obtained for various stages of germination up to 6 days after 
sowing. 

2. A valley of potential curve appears in the elongating region of epicotyl of 2- 
to 6-day-old embryo, and the hypothesis for the epigeal plant given in the former 
paper”), viz. the hypothesis that distribution of elongation velocity along the elon- 
gation axis coincides with distribution of second spatial derivative of the potential with 
respect to the elongation axis, seems to be applicable to the epicotyl of Phaseolus 
angularis. 

3. Cotyledon has a higher potential level than the elongating part of epicotyl 
and the potential gradient between cotyledon and epicotyl is steep in the earlier 
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Stages of germination, gradually decreasing in later stages. 
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Auxin Action and Pectic Enzyme* 
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In the etiolated pea stem a remarkable parallelism has been found between the 
effect of auxin at various concentrations on the water absorption and that on the 
pectin methylesterase (PME) activity.” And it has been suggested that the activa- 
tion ot PME by auxin causes an increase in the water uptake stimulated by auxin. 
Some experiments were performed, in order to see if these two activities change in 
parallel with each other under the effects of antiauxins and metabolic inhibitors. 
This paper reports that the parallelism was observed in every case so far tested. 


Material and methods 


The third internode, 3.0 to 3.5cm. in length, of seedlings of Alaska pea grown 
in the dark for 6 days at 25.5° was used as the material, as before. The apical 5mm. 
of the internode was discarded, and two 5mm. pieces were excised from the adjacent 
part of the internode. About 1g. of these pieces were floated at the surface of single 
and mixed solutions of IAA and various reagents. They were kept in the dark for 
1.5 hours at 25.5° with aeration by bubbling. Water absorption was expressed by a 


percentile increase of fresh weight of these pieces. 
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PME activity was determined as the following.* Stem pieces were frozen and 
ground mixed with dry ice, and suspended in a 10% sodium chloride solution. This 
suspension was added to a pectin solution** and kept at 31+0.1° for 1 hour. The in- 
creasing carboxyl due to demethylation was titrated, using methyl] red as an indicator. 
The PME activity was expressed in # moles of the methoxyl split off*** from Ig. 
fresh weight of stem pieces. 


Results 


a) Treatment of living tissue. 

The concentration of auxin optimal for both the water absorption and the PME 
activity of the pea stem was 10mg./l. according to previous studies). Hence auxin 
was used mainly in this concentration. 

2,4-Dichloroanisole (DCA) is antagonistic to IAA in the effect on elongation and 
respiration of Avena coleoptile sections2)»). Stem pieces were floated in combined solu- 

tions of IAA (10mg./1.) and various 
concentrations of DCA. The results are 

a represented in Fig. 1. Both the water 


absorption and the PME activity were 


. "> low in. the absence of IAA, and DCA 
= Ss exerted little effect on them. On the 
= wal other hand, the two activities enhanced 
ci by the presence of IAA were depressed 
5 ion g beer: 
2 rele F As shown in Fig. 1, a remarkable 
e vs t : parallelism was found between the 
< = water absorption and the PME activity, 
both in the presence and in the absence 
_ : of IAA. 
ey ai In Fig. 1, the way ot setting ordi- 
0 Doll 1.0 10 nate values is simply empirical. But 
DCA conen., mg./1. correspondence between the observed 


Fig. 1 Pectin methylesterase activity (-O—, 
—/\—) and water absorption (- -@--, --&--) of 
pea stem sections aerobically treated for 1.5 
hours by various concentrations of DCA in the descr ibed previously» and in this paper 
presence (upper curves: ©, @) and in the that the ordinate set may not be re- 


absence (lower curves: A, A) of 10 mg./1. IAA. garded as meaningless. The parallcl- 


values of the two activities is so re- 


markable in any of the experiments as 


*Por further details, see Yoda). 


**Citrus pectin (CH;0=9.14%) was used in the present case, instead of apple pectin 
(CH30 =9.45%). 


***kFor blank test, suspension of the tissue homogenate was heated on boiling water for 5 
minutes, added to pectin solution, and titrated. 
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ism mentioned in the preceding and the present papers means that the two curves 
coincide with each other when the ordinates are put in this particular way. 

Maleic hydrazide (MH) is also regarded as an auxin antagonist as it inhibits the 
auxin-induced growth and makes the tissue recover from the growth inhibition caused 
by supraoptimal concentrations of IAA®5, Four various concentrations of MH were 
combined with IAA solutions at four different concentrations, namely 0.1, 1.0, 10 and 
100 mg./l. (Fig. 2). In the lowest concentration of IAA water absorption was inhibit- 
ed by MH. On the other hand, 
the water absorption inhibited 
by the highest concentration of 
IAA was removed by MH. In 110 


any combination of concentra- a : - 
tions of IAA and MH, including yi 8 1s at 
the cases of absence of either one, 3 . ic: 
the PME activity corresponded 3 100 S 
well to the water absorption. % 
Coumarin is reported to be i ‘ : 
a growth inhibitor. And as the f mo i 
inhibition by it is removed by 5 a0 : 
BAL, it is thought that coumarin g pee See oe ee s 
inhibits SH®2. However, it is a aS, 
also reported to increase growth ‘ 
in the presence of small concent- Be - 
rations of auxin. Experimental }aakeaat ans #1 ee a ee 
results for coumarin are shown MH conen., mg./1. 
in Fig. 3. Coumarin promotes Fig. 2 Pectin methylesterase activity (0,11,0,¥V, 
the water absorption best at Zs) and water absorption (@, @, @, vw, A) of pea 


stem sections aerobically treated for 1.5 hours by 


1.0 mg./l. in the presence of : } : ; : 
various concentrations of maleic hydrazide in the 


IAA and at 0.1 mg./I. in the presence of 0.1, 1, 10 and 100 mg./1. IAA (pairs of 
absence ot IAA, and it inhibits curves, A, B,:C and D, respectively) and in its absence 
(E). 


the water absorption at higher 
concentrations. Here again the PME activity changes just as the water absorption 
does. 

p-Chloromercuribenzoate (PCMB) and monoiodoacetic acid are regarded as SH in- 
hibitors. The curves of concentration effect of these two substances are shown in 
Figs. 4 and 5. In each of these figures the curve of water absorption and that of 
the PME activity affected by the inhibitor are in parallel with each other. 

Also with 2,4-dinitrophenol (DNP), which is regarded as an energy uncoupling 
agent, the water absorption and the PME activity are inhibited at high concentrations 
of DNP (Fig. 6). In this case, the former is inhibited more than the latter if the 
same ordinates are adopted as in other cases. 


Activity of PME, ymol/hr./g. 
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Pre, 35 Pectin methylesterase activity Fig. 4 Pectin methylesterase activity 
(—O—, —A—) and water absorption (=o) ‘\—) and water absorption 
(- -@- oe -) of pea stem sections aero- (- -@- -, --A- -) of pea stem sections aero- 
bically treated for 1.5 hours by various bically treated for 15 hours by various 
concentrations of coumarin in the presence concentrations of p-chloromercuriben- 
(upper curves:O, @) and in the absence zoate in the presence (upper curves :O, @) 
(lower curves:A,&) of 10 mg./1. IAA. and in the absence (lower curves:A, A) 


of 10 mg./1. IAA. 


b) Effect of substances 77 vitro. 

In the above-mentioned cases, the PME activity was measured with the homo- 
genates obtained from the living tissues which were treated by the various substan- 
ces. In order to see if the observed effects of those substances were due to their 
direct effects on the enzyme activity, those substances were added to the homogenate 
of the pea stem pieces which had, or had not, been treated by IAA alone. The sub- 
stances mentioned above and phenylacetic acid, said to be a semiauxin, were added 
to the tissue homogenates, and the PME activity was measured. The results are 
represented in table 1. The PME activity was significantly increased by the SH in- 
hibitors, namely PCMB, monoiodoacetic acid and coumarin, in their higher concent 
rations used. Similar results were obtained with DCA, which may also react with 
thiol group, according to Leopold.) When no such substances were added, the PME 
activity of homogenate of the tissue which had been pretreated with IAA was higher 
than that of the tissue without the pretreatment. Consequently, the effects of the 
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substances were less obvious with the former homogenate than with the latter homo- 
genate. DNP, MH and phenylacetic acid did not significantly influence the PME 
activity whether stem sections were previously treated by IAA or not. 

In order to check if PCMB, monoiodoacetic acid and coumarin increased the titra- 
tion value either of the pectin solution or of the tissue homogenate, those substances 
were added to each of the latter. But no significant changcs in the titration values 
were observed. Therefore the SH inhibitors used must have increased the PME 
activity. 

At any rate, it may be concluded that the substances so far tested, including IAA, 
exert effects on the PME activity of the living tissue in manners quite different from 


the direct ones on the tissue homogenate. 


Discussion 


It was demonstrated above that the water absorption of pea stem sections was 
affected by any of the various substances used, quite in the same way as the PME 
activity, when measured with the homogenate of the treated tissue. These results 
are similar to those obtained by treatment with IAA in various concentration. 
Such a remarkable coincidence in so many cases cannot be incidental. It was also 
confirmed in the preceding! and the present papers that the effect of those sub- 
stances are not due to their direct effect on PME. 

For causal relation between PME activity and water absorption, the following 
two possibilities can be suggested. 1) Auxin and the substances experimented affect 
the PME activity of cells, and this in turn affects the water absorption of the cells 
by changing the extensibility of cell walls Cif the reverse sequence is impossible): 
and 2) There is no causal sequences between the PME action and the water absorp- 
tion, but these are affected in parallel with each other by the common cause. 

The first alternative is proposed, because the extensibility of the wall of young 
growing cells could be affected by some enzymes acting on pectic substances, which 
are reported to constitute the continuous cementing phase of the wall of such cells. 
However, it should be demonstrated that PME actually increases the extensibility of 
the cell wall. 

The second alternative seems to be less probable because of the remarkable paral- 
lelism between the two activities in so many different cases. The fact that DNP, an 
energy uncoupler, inhibited the water absorption more severely than the PME 
activity may be rather favourable for the first alternative, because, even if the wall 
has become more extensible, active water absorption can not proceed when sufficient 
energy is not available for it. 


Summary 


Young pea stem sections were treated by 2,4-dichloroanisole (DCA), maleic hydra- 
zide (MH), coumarin, p-chloromercuribenzoate (PCMB), monoiodoacetic acid and 2, 4- 
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dinitrophenol (DNP), in combination with IAA or without it. 

Promotion and inhibition of water absorption due to various concentrations of 
those substances were amazingly paralleled by pectin methylesterase (PME) activity 
of the homogenate of the treated tissue. Compared with other substances, DNP in- 
hibited water absorption relatively more severely than PME activity. 

The effects of substances on the PME activity in the case of tissue treatment 
were not due to their direct effects on the enzyme preparation. 

A hypothesis is proposed that activated PME increases extensibility of walls of 
growing cells, and consequently their water absorption. 
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Studies on Spore Germination of Hepaticae 4° 
Makinoa crispata (Steph.) Miyake 
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Makinoa crispata was first described by Stephani (1897) under the genus Fella, 
based on Faurie’s collection made in Japan. Two years later, Miyake (1899) studied 
on the sexual organs and the sporophyte, which resulted in his proposal of new 
genus, Makinoa, for this species. Makinoa is a famous genus for its remarkably 
large spermatozoid in the Bryophyte (Miyake 1899), and Nakai. (1943) proposed the 
family Makinoaceae for this genus. Before Nakai, this genus had been included in 
the Dilaenaceae (Verdoorn 1932) or the Pallaviciniaceae (Evans 1939). Since Nakai’s 
proposal of the family, Japanese bryologists have adopted it, but Muller (1951) placed 
the genus in the Dilaenaceae together with Pallavicinia, Moerckia, and Calycularia. 

Makinoa comprises a ‘single species, M7. crispata (Steph.) Miyake, which has been 
known from Japan, Korea, Formosa and China (Hattori 1952). This species usually 
inhabits at much humid and more or less shady sites. The sporophytes appear from 
March to April. The present study was undertaken in order to determine the pattern of 
the sporeling of this species. 

The spores for this study were collected at Yoshino-mura of Kochi Pref. (Mar. 
24, 1955) and Kitago-mura of Miyazaki Pref. (Mar. 30, 1957). The spores were sown 
10 days after the collection. The media for germination were used (1) Knop’s solu- 
tion, (2) Knop’s agar (2%), (3) Meyer’s solution, (4) sterilized Sphagnum mats 
moistened with Knop’s solution. In any case the germination took place in 10 days 
after seedling, but except for the Sphagnum mats the development after 3-celled 
stage was mostly suppressed and the sporeling died. The complete pattern was ob- 
served in the Sphagnum mats. 


Germination 
The spores are spherical measut ing 20-32 (mostly 24-27), and are light to blackish 
brown with many reticulated ridges on the surface. The spore coat is uniformly 
thickened.) In the endospore there are many chloroplasts and few oil-drops which 


* Continued from J. Jap. Bot. 33: 6 (1958). 
** Botanical Institute, Faculty of Science, Tokyo University of Education, Ohtsuka 
Tokyo. HistEC AC PEAR 
') Miyake (1899) gave the measurement of the spore as 20-25 p, and Horikawa (1929) as 
25.5-28 vu. The spore measurement is more variable, even in a single sporangium, as shown 
in this paper. Miyake’s description on the spore coat, as “much thicker in one side than 
in the other half”, seems to be that of died spore, in which the endospore is much shrinked 


and the spore coat, by surface view, seems to be irregularly thickened. But this is abnormal 
feature caused by the spore death. 
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are faintly stained by Sudan II. The chloroplasts are usually crowded surrounding 
the comparatively large nucleus (so that, by the surface view, there seems a green 
mass in the center of the endospore). 

Before the germination, the chloroplasts disperse and the oil-drops mostly dis- 
appear. The spore much swells and elongates, so that the spore coat ruptures before 
the formation of the first wall (Figs. 1-3). Before the first transverse wall is formed, 
the nuclear division takes place; then, two crowded masses of the chloroplasts are 
observed in the germ cell (Fig. 3). The similar feature of the chloroplasts is observed 
also in the succeeding cell divisions (at least in earlier stage). 

The first wall separates the germ cell into two unequal cells (Fig. 4). 

The smaller cell grows nearly as large as, or a little larger than, the other 
(basal cell) and is divided with transverse wall or occasionally with longitudinal 


Figs. 1-15. Various stages of sporeling in Makinoa crispata (Steph.) Miyake, For 
explanation see text, Figs. 1-6, x 360; 7-12, x 160; 13-14, x96: 15, x 160. 
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one (Figs. 5, 6). The basal cell does not make further growth and division as well, 
and has brown spore coat throughout the developmental course of the sporeling. 
The pattern of the development may be somewhat modified by outer conditions. But, 
in any case, the apical cell with two cutting faces is formed before the 10-celled 
stage. (Figs. 7-9). 

The first appearance of the rhizoid (Fig. 9) does not occur before about 6-celled 
stage (but in very few cases it was observed at the 4-celled stage). The rhizoid 
initial cell is usually a little smaller and contains fewer chloroplasts than the other 
cells. The wall of the rhizoid, at first, is faintly brownish. However, it soon be- 
comes purplish brown. So, when rhizoids well developed, it is much embarassed 
whether or not there is distinct wall between the rhizoid and its initial cell: the 
rhizoids are always continuous from their initial cells. The similar rhizoids are 
formed at random, but, when the dorsi-ventrality of the sporeling is confirmed, the 
rhizoids arise only from the ventral side (Figs. 18, 14). The chloroplasts in the 
rhizoid disappear. 

The development of the thallus is caused by the activity of the apical cell with 
two cutting faces. The apical cell, however, becomes indistinct by the formation of 
meristematic apical cells (Fig. 15). The thallus formed by the meristematic cells 
becomes 4-7 cells thick in the central portion where the midrib ot the thallus may 
develop. : 

The oil-bodies, which are not stained by Sudan III, are formed in the cells at 
about the 10-celled.stage (but occasionally observed also in earlier stage). They are 
much small and spherical (adout lw), about 10 in number per cell, and white in color. 
They are evidently the same with those of the adult plant except for their size. 


Discussion and Conclusion 


The characteristic features in the sporeling Makinoa crispata are (1) the first cell 
division which takes place after the expansion of the exospore, (2) the basal cell which 
is always distinct and does not develop further, (3) the much crowded chloroplasts 
surrounding the large nucleus, (4) the deep brown rhizoid which is in direct conti- 
nuation from the basal cell of rhizoid and appears after the 4-celled stage, at least, 
(5) the development of the young thallus which is derived from the apical cell with 
two cutting faces, and (6) the apical cells of the young thallus, which form the 
meristematic apical region. 

Schiffner (1901) and Horikawa (1929) discussed the systematic position ot Makinoa 
and the latter author stated the close relation to the Metzgerioideae and the Lepto- 
theceae (Pallaviciniaceae) after the extensive studies of the plant. The related 
genera whose sporeling pattern were studied are Metzgeria (Goebel 1915, 1930), 
Pallavicinia (Haupt 1918, Wolcott 1942, Kachroo 1956), and Moerckia (Mader 1929). 
In those genera, except for Metzgeria, the first cell division may take place within 
the exospore and before the expansion of the exospore several cells are formed, 
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In Metzgeria the first wall is formed after the rupture of the exospore as Makinoa, 
but the protonema is filamentous. Compared with them, Makinoa has a distinct 
pattern of the sporeling. Another related genus to Makinoa is Calvcularia, whose 
literature is not seen, and which may have also another pattern (unpublished data); 
that is, the first cell division takes place within the exospore. 

Goebel (1930) included Makinoa in the ‘Aneuraceen’. The Sporeling parttern in 
Riccardia (Aneura) was studied by Leitgeb (1874-1882), Showalter (1925), and Goebel 
(1930). According to their studies, the exospore ruptures before the formation of the 
first wall by the elongation of the endospore as in Makinoa. However, the earlier 
stage of the development in Riccardia takes much different course, and filamentous 
protonema develops and the apical cell has two cutting faces as in Makinoa (Campbel 
1905). The pattern in Metzgeria is allied to that in Riccardia. 

Between the Pelliaceae and the Makinoaceae are some essential distinctions in 
the sexual organs and the sporophytes (Miyake 1899). Besides those differences, the 
sporeling pattern of the Pelliaceae (Wolfson 1928, Goebel 1930) and of the Makinoaceae 
are remarkably different. 


Summary 


The sporeling pattern of Makinoa crispata is described and discussed. The first 
cell division takes place after the rupture of the exospore; the second or third divi- 
Sion is longitudinal and the sporeling develops into several-celled primary -plant 
whose apical cell has two cutting faces; the apical cell forms the meristematic apical 
region which becomes 4-7 cells thick at middle; the first rhizoid develops normally 
atter the 6-celled stage and is characteristically purplish brown as that of the adult 
thallus; the oil-bodies in the earlier stage of development are similar to those of 
adult thallus except for their size. This pattern may be named as Makinoa-type. The 
relationship between the Makinoaceae and other related families is discussed from the 


view point of the sporeling pattern. 


The writer is much indebted to Dr. S. Hattori of the Hattori Botanical Laboratory 
and to Prof. H. Ito of Tokyo University ot Education for their very suggestive advice. 
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On the Effects of Some Amino Acids on the Germination 
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The effects of amino acids on the germination rate of the 


pollen grain in Oryza sativa L. 
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Table 3. The effects of amino acids on the growth of the pollen tube 
in Paris hexaphylla Chamisso. 
(The numbers in each columns show the lengths of pollen tubes expressed 
by the micrometer scale) 
Concentration of amino acid 
Sorts of amino acids 0. 0005 % 0. 001% 0. 003% 
M¥ x8 ve Mess | vee | mete | ver 
Control ? = 
p. L-Alanine 7.441.4 18.8 
t-Aspartic acid 10.24+2.5 2405 i Bae Be 22.0 15, Qa IB, 2 
L-Cysteine ile (Sees 16.8 13.4+3.6 26. 
L-Cystine 
Lt-Glutamic acid 12.8+4+2.9 22516 15.6+2 ie al 9,342.6 27.9 
Glycine 6.2 Zant 
L-Histidine 8, 9-2, 1 P3055 epee 3 21,1 10.2+5.1 50. 0 
t-Hydroxyproline 
L-Leucine 6.5+1.7 26. 0 
L-Lysine 
t-Methionine 
t-Phenylalanine 
L-Proline 6.2+1.2 ORS (hy ff sedls tel 20.6 
p. L-Serine 
p. L-Threonine 7.1+1.9 26.5 
L-Tyroine 80a 1.3 15.2 
p.L-Tryptophan Seaells ff LON 
p.L-Valine 8.0+1.5 18.7 


* Mean 


** Coefficient of variability calculated from V=é/Mx 100 


Table 4. The amino acids which were identified to be contained in 
the pollen grain and in the pistil of Paris hexaphylla Chamisso, 


Sorts of amino acids 


Stamen 


Pistil 


Pollen grain Stigma 
p. L-Alanine up ne oer 
L-Arginine = = s 
L-Aspartic acid anak clpataetaeate +44 
L-Cysteine SE ae re 
L-Cystine = a ~ 
t-Glutamic acid =F pe See mie fete 
Glycine = = “p 
L-Histidine je de ote atest Emre 
t-Hydroxyproline = = ue 
i-Leucine “k at a 


L-Lysine 
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Table 4. Continued 
| Stamen Pistil 
Sorts of amino acids F 
Pollen grain Stigma Ovary 
t-Methionine | = = de, i 
L-Phenylalanine = = = 
i-Proline + se at 
p. L-Serine = oxi = 
p. L- Threonine = = Zs 
L-Tyrosine = = = 
p.L-Tryptophan sb he oe Aes 
p.L-Valine = = = 
Table 5. The amino acids which were identified to be contained in 


the pollen grain and in the pistil of Oryza sativa L. 


Sorts of amino acids 


p. L-Alanine 
L-Arginine 
Lt-Aspartic acid 
L-Cysteine 
L-Cystine 
L-Glutamic acid 

Glycine 
L-Histidine 
L-Hydroxyproline 
L-Leucine 
L-Lysine 
t-Methionine 
t-Phenylalanine 
L-Proline 


. L-Serine 


.L-Threonine 


is) 


t-Tyrosine 
.L-Tryptophan 
.L-Valine 


Stamen Pistil 
Pollen grain Stigma, Ovary 
++ + 
+ + 
Ae 3F 
ae = 
= aE 
ae ae Siete 
als ae 
aE = 


KNOT 2/7 MOM, MMOMBMIck ote 
CMS ODS, EKITMKROHSST LI, TEBE O 
bOITKAIT HEN TWOAZMBOT 27 MOK SZ 
a, €dv% sucrose agar HHWIT << bAA LIEW 
DEH % feHET 47 L CHS UML Paris hexa- 
phylla Chamisso. @® leucine, Oryza sativa L. 
® glutamic acid DE Hit, JEMITIAS ENT 
WOds, WHIT < DAT 8 HEN & % 2% Pe 


TO ELIOT TARBEALDSNIKBS, CORSA 


EME DLONAENTIAZHIU GC, TER 
DEAF ITILOOS RLEASZNRE CHA 5, 


(4) HESUITG ENS F 27 BORD 


kd Paris hexaphylla Chamisso. ORRGUTO 
WAGE, (8 4 e258) aspartic acid, 
glutamic acid, histidine BOSTMERKHICS 
X41, €Oflh tryptophan, leucine, alanine, ps 
TAUITD &, cysteine, proline BbTDP2HG 


June 1958 Bot. Mag. Tokyo, Vol. 71, No. 840 223 


AEDS, ONICFRICAENSZBART? WhOK:R® RATS & sucrose agar hs Hh 
/McUuTis, aspartic acid, alanine a3i,, ECSCALFEFO CV. Paris hexaphylla 
<<, OVC histidine, glutamic acid, Chamisso. M/E a (EM), MEDS LO SHO 
tryptophan, methionine ¢, <@f{th hydroxy- SMIICIL LCTA6N4 aspartic acid, glu- 
proline, cysteine, leucine, proline *sP3s~ tamic acid, histidine Ok 47#r7 27 M*% su- 
EW SN, TE}, SHOOICHTAUCARITAEH crose agar FHMC AURINT 47 LITE YD, TER 
C4 aspartic acid, histidine, glutamic acid ORFCWOB BAL <BHESNSA TEBE LOW 
7% & % sucrose agar KICKIN 4T LITES 5titz, #fesucrose agar Heh | CABIT HE 
CT, TEM OFA EOE FE OUEDIG UAL $4 Oryza sativa L. DILEMOWA 8, TE®), 1a 
(HES NSB, COT L PSA ECOTEMO UME AIT SHEVA serine, alanine OMpie 
SAICMUT, CMHEOF 2 7 BPS BET MRS 0, TEMORAFDOBESU< Msn S, TO 
STC EBPMINA, HEFHBICI, HMA CEP, {EMOREAITHE Ss LIES 7 27 
& 7522572 hydroxyproline, methionine, © OPERNL, HMMOMe CT LITFSATLITE NTL 
FFTEDSA BHIZDS, COMO FY 2 7 BX sucrose ZBSEDEBASLNS. Af lk Oryza sativa L. 
agar HIT bAT BEM OFFIC IL Bay DIB) He 5 F LH I, HY 7 WL 7k AE LED 
tw 6tisp 72, bE CHFSBAL, BRORERAT EUG 
Dit Oryza sativa L. OMEFU Gls (5H COD, COLD SHARE PCL, 25 Fv 
BNA), TEM OMA & IRC serine 34,5, 84 DINAAWEE So THES % db SHOT & 7 MRD 
<, € Mf alanine, arginine, hydroxyproline, SFI ars 29 C & b PMICO TC < 75% 


tryptophan 2346172, Uz Paris hexap- 


oY Gain ) Z et 
hylla Chamisso. OWA LARIT, HET UITAE PANTAGES Ode a ial 


‘ eae RI ALIT TR DS BBS 
114045 AMO FT 2 7 MH sucrose agar ht let HAS ELL) || PR ACBS TR EN DiS BE 
HIC <A TC Oryza sativa L. OTEK} # BERETS Be 
t, BFREOMADBA 6 Ni. 
Summary 


1. The pollen grain of Paris hexaphylla Chamisso. does not germinate on the 
sugar agar medium. By adding aspartic and glutamic acids, histidine or cysteine to 
the control medium, the pollen grain is, however, enabled to germinate readily. 

2. Although the pollen grain of Orva sativa L. can germinate to acertain extent 
on the control medium, the germination was markedly stimulated when arginine, 
valine or alanine was added to the medium. 

3. The kinds of amino acids which accelerate the germination of the pollen grain 
of Paris hexaphylla when they were added to the culture medium, were found to be 
present in the pollen grain itself and in the pistil of this plant. A similar relation 
was found to be true in the case of Oryza sativa L. 
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EEE & CFS ANTE BJU Ze BE BES E 
U4 EW, X72 Miihlethaler (1949) jz 
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JURE D > Le HITS U TASS 7275 NT GE S HME db 
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FIET CNS CH4 CER RAL TW 4S, 

Wyssling, Mihlethaler (1950) kU Roe- 


Frey- 


lotsent (1951) ae, pistes e Gee jee voes 


lofsen (1951) (AA ZDYAVYAAYORET WO 
GC, FROMMORS 1 UHI ISN E UD OS Tal 
OE UTE VMMEOIN, AME UCikIE Re tic 
HPS 725% LD TA MHEOIM DA SOL RT 
WU BHRCAUIZLTWS— COX 45 CASH E 
tL, MOU ES & 25 5 TPS O DA AIT EB 
759 2 RAN 75 A RHESE IID 2 BALE UTAH S 
AUTW 4 

O’Kelley & Karr (1954) ja, AR OAEE 
jake, Bignonia capreolata L. OER PRE 
4 ay (White Icicle variety) OhR35C 
JIU VME Se SUMED UL AVIZL, TOPE 


HA bt ko Gus VARIED Do72 B 3{6nN4 & aA 
UTA, Bailey et al. (1957) tir n> fee 


MORZMMONS 1 AMM & Mo FH— es 
KOEI - WF > VY CMBUL TABS & BUT 
a FB BEANS (TELE EF Ja] 22 UB, AUN DAY ee 


(LHe & LAH AIT HE S 10—15 JO GUA 
Fim5750, ERROS OTIS 25 Apo HMmS 
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 T, Weise, Peterson, Harlow (19S9) ede Ave 
AMBER PD — WT RY CHIT SE Lvveeatgs 
MOMNBEWS, COMMCOC AH MEILM 
HESROPERL % UML, Cross & Bevan + yn — 
ALBUMS UMUTIYS, Afzelius, Erdt- 
mann, Sjostrand (1954) (jt, E~r Ir HID 
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Shits CHAT SARS bE BWTOS, 

SPS ONES AE IT BUR EG, L 
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PAARL IW k BA. 
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KCI fa HA 1 AB 
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MENTS EO. —/ARBUEULKOG LER SO = 
&, UMD RATAMIS, COSUMEORE 
ICHAT & 5 40} HHL IAL & ZB, 
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E) 7S ABET A 

Ud LEA GE PC 8 MIE 
ONIEEUT, + =O Me 
PFSTEBCRA, MAL 
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2.4cm., fe yLHe HOR REG 10~ 
I5p, 7K Ci SATIRE CS 20p, 
A SIRE SWISS 8u OG 
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we, Vor heey S. Up 
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OMMIGROBMIT Es T, KI 
(SFE 70 3 MIO SNENITE 
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0, MI OFAMEIS 200p~1200,, 
ei. (Fig. 1.A,B,C) 03 
OMAA. 

MOS TSO, Fi 
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C, €4623ie]—Vi Ec 
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Fig.1. A. Elk 1 siz 
RISER OU ATX). 
® (Fig.1.B) ABN, B. 


D AIC MEO the AS BEAR 2 UT 
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COnMMAMBE EL (Ab WS5HN 
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— Be 7SI BU ISAS B 8 7 MBO 7503 
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Summary 


1. The cell walls of the full matured cotton seed hairs were chemically purified 
and dispersed by the ultrasonics. The structure of the cellulose fibrillar system of the 
cell walls treated with the above procedure, has deen observed under the light micro- 
scope and electron microscope. 

2. The cellulose fibrillar system is formed by the unit of cellulose fibrillar bundle 
One cotton fiber has many segments constructed by 2 or 4 collaterally situated cellulose 
fibrillar bundles having axially parallel orientation. 

3. Upper and lower ends of the bundles in each segment represent plumous rami 
fication (Fig. 4 A, B, Fig.5) which can be easily distinguished from a rope like middle 
portion (Figs. 2A, B and C). 

4. The cellulose fibril has a diameter of 100 A—250 A. The fibrillar bundle has 
a diameter of ca. 4. Full length of the bundle is 100u~1200,. 

5. One pair of the fibrillar bundles in each segment situated in lateral symmetry 
or dorsiventral symmetry, but in the case of 2 pairs, the 2 lateral pairs are situated 
in dorsivental symmetry (Figs. 1A, B and C). 
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On the Seasonal Change of Photosynthetic Activity of Some 
Deciduous and Evergreen Broadleaf Trees 


by Toshiro SAEKI* and Nobuo Nomorto** 
PEI MCRD - BPA: SS OMAICIU BEANIE OEM. 
Received April 21, 1958 


For the causal understanding of the geographical “distribution of plant species, 
the variation of photosynthetic activity in each species must be followed throughout 
its whole growing period. We have some informations concerned in herbs and 
grasses, while in the case of trees only a few reports have been presented. For 
example Willstatter and Stoll worked with Acer and Tilia, but with the view of 
clarifying the mechanism of photosynthesis they always measured it under abnormally 
high COs, concentration. Reports by other investigators were almost concerned in 
restricted period as in Summer or winter. Among them Kusumoto’s (1957, 1958) are 
worthy to be noticed. 

In the present paper we describe the changing features of photosynthetic activity 
in deciduous as well as evergreen broadleaf trees under normal air conditions against 
Willstétter and Stoll’s experiments, and discuss the meaning of difference in activity- 
curves between deciduous and evergreen trees on their lives and geographical dis- 
tributions, comparing with the Kusumoto’s results obtained in a southern part of 


Japan. 


Method 


Trees used for measurements were Zelkowa serrata (deciduous), and Shiia Sieboldi, 
Pittosporum Tobira and Cinnamomum Camphora (evergreen), growing in the campus 
of the University of Tokyo, ages of which were all more than 30 years. After cutting 
off a twig from the southern sunny side of a crown, a test leaf was again cut in 
water at the base of its petiole for assurance of water absorption, and it was laid in 
an assimilation chamber moistened with wet filter paper, in a laboratory. The leaf 
was preilluminated with 15-20 kilolux light for about 30 minutes, being exposed to 
air-flow from the open air. These treatments were useful to make the stomata 
widely open in the most species so far tested. For the light source 300 W flood or 
500 W spot reflector lamps, sometimes for weak illumination ordinary tungsten bulbs, 
were employed, combined with sky light. Air temperature in the assimilation chamber 
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was adjusted to 25°, but lowered in winter to 20°, or winter optimum temperature for 
photosynthesis (c. f. Kusumoto 1957). The assimilation chamber was sustained at 
10cm. depth in a water bath, to intercept the excess heat radiation, although sometimes 
even under such a condition overheating of leaf was observed at strong light in- 
tensity, e.g. in 30 kilolux illumination leaf temperature of Zelkowa detected with a 
thermocouple was 5° higher than air in the chamber. The net assimilation obtained 
at high light intensity, therefore, might be estimated somewhat lower on account of 
respiration activated with the high leaf temperature. In this paper, however, only 
the air temperature in the assimilation chamber was noticed because it was too 
complicated to measure every time the temprature at each test leaf. 

Photosynthesis and respiration were measured with Boysen Jensen’s method 
(1932) with some modifications. The obtained values were corrected to 0.03 volume 
percent COs. The photosynthetic ability at light saturation, compensation point, etc., 
of each leaf were determined after defining the light-photosynthesis curve with a 
series of measurements. Chlorophyll content of leaves was measured after the pro- 
cedure of Kasanaga and Monsi (1954). 


Seasonal change of photosynthetic activity 


A. Deciduous tree. In Fig. 1 we summarized the results obtained in the leaves of 
Zelkowa serrata, concerning the maximum net photosynthetic ability at 25°, respiration, 
compensation point and chlorophyll content. The experiments were carried out in 
1953, 1954 and partly in 1955. After sprouting of new shoots in late spring, rapid 
development of photosynthetic activity of all young leaves follows. Early in June it 
reaches already the maximum of about 6mg. COs/50cm2./hr. (Fig. 1). In 1953 and 
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Fig. 1. Seasonal changes of photosynthetic activity, respiration, compensation 
point and chlorophyll content (broken line) in Zelkowa serrata. The values were derived 
from the measurements in 1953, except for the photosynthetic course in 1954 (thin line) 
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1955, this high value persisted for about two and a half months. Then the activity 
declined gradually from the middle of August, until all leaves turned yellow losing 
perfectly their activities and fell in November. In 1954, however, it was somewhat 
different; so soon did the curve begin to fall as in the middle of July. This might 
have been caused by the unusually continuous cloudy and rainy days from May to 
June in that year—in Japan we have ordinarily a rainy season in this time of year. 
Actually in June 1954 severe leaf fall took place which meant a getting worse of the 
dry matter economy in the shaded leaves inside the crown, because the daily maximal 
light intensities measured even in the open were sometimes only 3 kilolux or less. 

The trend of the activity curves is principally the same as that ‘obtained by 
Willstatter and Stoll (1918) in Acer and Tilia, except for long duration of high 
activity for more than 4 !/.2 months, which seems to be caused by extremely high 
CO» concentration in their experiments (572). In Zelkowa the activity above the value 
of a half of the maximum could extend over 4 !/2 months, from the middle of May 
to the end of September, and it corresponds to the period of mean monthly temperature 
above 17°. 

The dry weight per sq. cm. leaf area increased from 4.2 mg. late in April, to about 
89mg. early in June. After about two months only a slight increase reappeared, 
then the weight decreased with yellowing of the leaves. In the younger age of leaves 
higher respiration and higher compensation point were characteristic in parallel with 
lower chlorophyll content and lower photosynthetic activity (Fig. 1). This was more 
conspicuously observed in a Lammas shoot where leaves are successively arranged from 
younger to older ones. Light-assimilation curves obtained in four leaves of such a 
Lammas shoot (Fig. 2 and Table 1) show that with maturing of the leaves the photo- 


synthetic activity and chlorophyll 


content increased, but the respi- ee 
ration and compensation point §& 
decreased. The maximum photo- 3 
synthetic activity of Ze/kowa leaves 3 
changed fairly parallel to chloro- ae 
phyll content (Fig. 1 and Fig. 3-a). ra ; 
Same relationship in the Lammas mF 
shoot appeared itself but gave some- E 
what indifferent curve (Fig. 3-b). 3 
This discrepancy in the two kinds 7 0} 
of shoots seems to rather natural, & 


because Gabrielsen (1948) has al- O ue rotons 20 ; 30 
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: . a Fig 2. Light-photosynthesis curves in the 
OTE SEs A leaves of a Lammas shoot. See Table 1. Nodes 


ble not for the maximum photosyn- were numbered from the top to the base. 
thesis but for the linear regression Broken line shows the curve of normal leaves. 


bo 


ms 


38 i 


ye 2k of 71 Re BS 841-842 B Han 33 4E 7-8 A 


Ao 


Table 1 Leaf size, maximum assimilation, chlorophyll content, respiration 


and light-compensation point 


Nodes were numbered from the top to the base of the shoot. 


in the leaves of Lammas shoot of Zelkowa serrata. 


Leaf on | 

3rd node 4th node 5th node | 7th node | 

| - rs. ; | Ye | 

| Leaf size (cm2%., unilateral) 8.0 22.8 Xie) 27.4 | 

| | | 

Max. assim. (mg. CO,/50cm2./hr.) 258 6,2 9.0 9.0 | 
Chlorophyli content (7/cm?.) lee 23.0 ASD) 60,0 
Respiration (mg. CO,/50 cm?./hr.) Loe | 3 0.8 Onn 
Compensation point (kilolux) 252 the ih 0.6 0.6 
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Fig. 3. Relation between ch- 
lorophyll consent and_ the 
maximal gross assimilation. 
a; annual shoots, b; Lammas 
shoot. 


of photosynthesis curve in weaker illumination. 
This, combined with higher respiration, causes the 
difference in the light-photosynthesis curve of very 
young leaves as well as of yellowish old leaves 
from that of green shade leaves. 

B. Evergreen broadleaf tree. The seasonal change 
curves of photosynthetic activity of Shiia Sieboldi, 
Pittosporum Tobira and Cinnamomum Camphora are 
Shown in Fig. 4. In the vegetation period these 
three species gave Similar courses as in Zel/kowa, and 
the maximum rates were also in the same order, i. e. 
both the types of trees could assimilate CO», almost 
at the same rate in Summer. However, autumnal 
decline of the activity came somewhat later in the 
evergreen trees and the activity still remained at a 
low level throughout winter. In spring the older 
leaves of Pittosporum recovered their activity to 
some extent, before perishing under newly develop- 
ing leaves in late spring, while Shiia Cand also 


Cinnamomum) had shown scarcely any indication of recovery in the activity. Low 


winter temperature near the northern limit of natural distribution of such evergreen 
trees (Tokyo, 35°40’ N, mean temp. in Jan. 3.2°) may be responsible for the depres- 
sion of the photosynthetic activity, because the low temperature is unfavourable for 
respiration which most possibly supplies the energy for maintaining the photosynthetic 
apparatus in active condition. The trees used for experiments were grown near such 
distribution limit. The photosynthetic activity of Shiza in winter was scarcely influ- 
enced with varying temperature in wide range from 3° to 25°, except for its slight 
rise at 20°. The values obtained in December fell in the range of 0.5-1.2mg. CO, 
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Fig. 4. Seasonal changes of photosynthetic activity in three species of evergreen trees 
and Zelkowa serrata (the same as in Fig. 1). 
—@— Pittsoporum Tobira —™— Shiia Sieboldi 
—A— Cinnamomum Camphora —O— Zelkowa serrata 


/50 cm2./hr. and were much lower than those of 2-3 mg. measured by Kusumoto (1957) 
at Kagoshima (31°30’ N., mean temp. in Jan. 6.4°) in southern Kyushu, the distribu- 
tion centre of the evergreen broadleaf forest. 


Ecological meaning of the seasonal change in photosynthetic activity 


The amount of organic matter produced by leaves is mainly decided by three 
factors, that is, photosynthetic activity of leaves, duration of high activity and total 
area of leaves. Supposing the maximum photosynthetic activity as 6mg.CO»/50 cm2. 
/hr. in ordinary leaves of deciduous as well as evergreen trees and 9mg. in Lammas 
shoot from the results obtained and photosynthesis for 10 hours and nocturnal 
respiration for 14 hours per day, so the daily dry matter production with open stomata 
on sunny day in summer will approximately be calculated as b in Table 2. Dry 


Table 2. Comparison between dry matter per unit leaf area and produced 
dry matter per day per unit leaf area. 


Deciduous tree Evergreen tree 


| Annual shoot | Lammas shoot | Annual shoot 


a. g. dry matter/m?. of leaf 90 90 180 
b. g. dry matter produced/m?./day 6 10 6 
15 9 30 


c. Ratio between a and b 
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matter weights per unit leaf area in the Table were based on the data on Zelkowa as 
deciduous type and Shiia and Pittosporum as evergreen one. Some part of the produced 
matter must compensate for the invested capital or the dry matter necessary for 
replacement of fallen leaves. From the Table it may be roughly estimated that the 
photosynthetic days for the compensation of annual leaves are 15 days in the deciduous 
type and 30 days in the evergreen, hence, the evergreen leaves must work for 
maintenance of their leaves at their highest efficiency at least for 15 days more than 
the deciduous do. Where the winter temperature is enough high to allow effective 
photosynthesis, it may not be difficult to realize this. The difference in the production 
and economy between these two types should play an important role in competition 
between them, and cosequently in the distribution of plant species. In this respect 
it should be remembered that high winter activities remain in Shiia Sieboldi and 
Cinnamomum Camphora at Kagoshima, while the summer activities are almost the 
same as our results (Kusumoto 1957). The leaves of Cinnamomum are not much 
thicker than those of Ze/kowa, but concerning dry matter economy, this may be 
offset by much low winter photosynthetic activity (Fig. 4 and Kusumoto 1957). In 
Lammas shoots the photosynthetic days for compensation of dry matter are shortened 
by their high activity up to 9 days, but the duration with this is limited to only a 
half of that in the normal leaves. 

In a plant community not all the leaves can receive full sunlight on account of 
mutual shading. The total area of openings in canopy through which the sunlight 
penetrates up to the ground, gives a good measure not only of the light intensity 
on the forest floor but also of leaf amount. Sky photographs have been taken in 
Zelkowa about every two weeks. Early in July the area of the openings in canopy 
reached a minimum of ca. 13%, and this corresponds to 2.9 in leaf area index (total 
area of leaves per unit area of land surface), assuming the leaf inclination as 45°. 
The openings continued in minimum until the middle of September, followed by 
gradual increase with autumnal leaf falling. 

The shade leaf of Zelkowa showed the maximum photosynthetic activity of 3-5 mg. 
CO2/50 cm2./hr., and the respiration of 0.3 mg. CO:/50 cm2./hr. (June 1955). As the 
dry weight of the shade leaves was 3-5mg. per sq. cm. in contrast to 8-9 mg. 
of the sun leaves, it is expected that on dry weight basis the photosynthesis is in 
the shade leaves higher than in the leaves even at strong light intensity. Similar 
results have been confirmed by Tranquillini (1955) in Pinus Cembra. 


Summary 


Seasonal changes of photosynthetic activity of leaves in Zelkowa serrata (a deciduous 
tree) and some evergreen trees, were investigated and meaning of concerning dry 
matter production was discussed. 

1. The photosynthetic activity of Zelkowa increased rapidly up to its maximum 
value of 5-6 mg. CO./50 cm2./hr. later in April and the value persisted for about 2 1/, 
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months; afterwards the activity decreased slowly until the defoliation in November. 
The activity maintained itself above a half value of the maximum for about 41/, 
months of which mean monthly temperatures were above 17°, The photosynthetic 
activity changed fairly parallel, but only apparently, to the chlorophyll content. 

2. In late spring and summer, the courses of change in the photosynthetic 
activities in evergreen trees, Shiia Sieboldi, Pittosporum Tobira and Cinnamomum 
Camphora, were more or less similar as that of Ze/kowa. In late autumn the activity 
fell to a low level, and it continued throughout the winter, and only in Pittosporum 
the activity recovered before the leaf fall in next late spring. 

3. The younger stage of leaf is characterized with a higher respiration and 
compensation point, and with a lower chlorophyll content and photosynthetic activity. 
These were clearly shown in the leaves of a Lammas shoot which have generally 
higher activity than those of ordinary shoot. 

4, The weight of the leaves of Shiia and Pittosporum is ca. 180 g./m2., while that 
of Zelkowa is ca. 90 g./m2., hence, to get back these invested capitals the former 
species must earn about double amount of dry matter. In southern districts this may 
be easily realized in warmer winter, and which makes the evergreen tree more 
advantageous in competition with the deciduous tree in natural distribution. 


This work was carried out under the guidance of Prof. M. Monsi, to whom we 
are greatly indebted for valuable help and criticism. Part of this investigation was 
supported by a grant-in-aid from the Science Research Fund of the Ministry of 


Education. 
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When fertilized Fucus eggs are forcibly elongated by sucking them into a capillary, 
having a diameter smaller than that of the eggs, and then jetting them slowly out 
of it, their developmental axis, the polarity, is determined parallel with the elon- 
gation?. Another instance of axis determination by external morphology is known 
in Sargassum. That is, in this alga, the egg becomes elongated to an ovate 
form, pointed on one side, pressed laterally by each other at the time when it is 
discharged from the conceptacle, and the primary rhizoids are to be formed at the 
pointed end. In Coccophora, another fucoid, the majority of the eggs are spherical, 
and their polarity is determined by the entrance point of spermatozoid). Some eggs, 
however, are more or less elongated as they are pressed by the surrounding mucilage, 
and their polarity axis is determined parallel with the elongation®. The mechanism 
of that elongation is analysed in this paper from the structure of mucilage surrounding 
the egg. 

Eges of Coccophora Langsdorfii, the material, 
were discharged from female receptacles cultured 
in glass vessels at the Marine Biological Station 
of Asamushi. For revealing its structure, the 
intact mucilage was stained with 0.01 per cent 
Congo red and with 0.001 per cent ruthenium red. 
Both of these were dissolved in sea water. Other- 
wise, the mucilage was immersed in 0.1 per cent 
tannic acid solution for ten hours, rinsed for ten 
minutes, then transferred to 0.1 per cent ferric 
chloride solution. By this method, the mucilage 
adsorbed tannic acid specifically, stained black with 
the iron, so that its structure was made clear. 


The outer margin of the mucilage was revealed 


by putting eggs into sea water mixing Indian ink. 
Fig. 1. Coccophora egg (e) By this means it is known that the egg, about 
surrounded by mucilage, ob- 150 # in diameter, is surrounded by a large mass of 


served in Indian ink. : é : : 
‘ mucilage, about 800 ~ in diameter, and a part of it 
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is extended to form a stalk of some 100, in length (Fig, 1). The mucilage can be 
stained with ruthenium red. The staining, however, occurs not in the overall mucilage 
mass but in a limited zone so as its extension is about 300 “700. Therefore the 
whole mucilage is divided into the inner and the outer parts, and merely the former 
is stained with ruthenium red. When the intact mucilage is immersed in ferric 
chloride after being treated with tannic acid, it is stained black. The staining appears 
only in the inner part which is stainable with ruthenium red as aforesaid. Upon this 
occasion, we can clearly distinguish the inner membrane staining deepest of all the 
other part of the mucilage. This membrane, i.e. the wall of the perioospheric space, is 
about 2.5 » in thickness and has a number of small pits piercing perpendicular (Fig. 3). 
The interval between the pits is about 1. The outside of that membrane is filled 
with a thick mucilaginous layer staining ina lighter tone so that it can be distin- 
guished from the inner membrane as well as from the outer mucilage which is 
unstainable. That is to say, the mucilage mass is composed of three parts, ie. 1) the 
inner membrane stained deep black, 2) the middle layer stained in a lighter tone, and 
3) the outer mucilage unstainable by tannic acid-iron method. The middle layer con- 
sists of many sub-layers so that a number of striations running parallel with the sur- 
face can be perceived (Fig. 3). The middle layer extends towards one direction so as 
to form the axle of the stalk, in which the layer is also stained in a light black tint 
and there we can see many striations running longitudinally. On these striations, 
particularly in the stalk, there are a number of small particles staining black. The 
striations are much more closely compact in the stalk, so that there the striations look 
like a bundle of stripes. As a result, dynamically, the perioospheric space is more or 
less distorted to an elongated form. Herein, if the space is comparatively large enough, 
the egg is free from the shap2 of that space so that it takes a spherical form. _ But if 


~100u 
pete: 


Fig. 2. Staining mucilaginous stalk with Congo red. A) eggs before 
immersing in Congo red solution, B) stained stalks, C) the same indicating a 
uniform relation between the egg axis and the diretion of the stalk. Note that 
the stalk is composed of three separate zones, @, b, and c. 
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the space is comparatively small, the egg is pressed by the mucilage so that it comes 
to be elongated in the direction parallel with the longitudinal axis of that space, that 
is, parallel with the stalk. The egg before fertilization is so soft that its form can be 
altered even by a slight pressure. This relation is revealed when the mucilage is 
stained with Congo red. 

When the intact mucilage is kept in 0.1 
per cent Congo red dissolved in sea water, the 
dye is accumulated in the stalk gradually. At 
first, the stalk axle is stained red, then deep 
blue-violet particles begin to surround the axle 
(Fig. 2B, C). The particles are almost of the 
same spindle-form. What is noteworthy is that 
the staining appears to be separated into three 
principal zones, that is, 1) the neck zone which 
is the smallest, 2) the middle zone, and 3) the 
tail zone (Fig. 2B). These are separated from 
each other by unstainable clear gaps, which 
are also observed in the staining by tannic 
acid-iron method (Fig. 3). The colour dif- 
ferentiation of Congo red implies that the 
stalk is composed of the axle, charged nega- 
tive, and the surrounding mucilage, charged 


positive electrically. That the egg was con- 


nected with the conceptacle by a stalk was 


Fig. 3. Schematic illustration of reported by many authors?» 9. and now its 


the structure of mucilage. a, outer structure was made clear by the above staining 
mucilage; b, middle layer; c, inner 


membrane; d, perioospheric space; 3 Z : 
eae axis of the elongated egg is all directed parallel 


with each stalk. This verifies that the polarity 
of such eggs is determined in relation to the position of the stalk. Its mechanism 
was stated above. 


experiments. In Figure 2 we can see that the 


Summary 


1, The mucilage which surrounds the egg of Coccophora Langsdorfii is stained 
with Congo red, with ruthenium red, and with ferric chloride preceded by treatment 
with tannic acid. 

2. The mucilage is composed of the inner membrane, the middle layer, and the 
outer mucilage. The inner membrane has a number of small pits. The middle layer 
consists of many sublayers. The outer mucilage cannot be stained with any of the 
above agents. 


3. The axle of the mucilaginous stalk is stained red, and its surrounding zone 
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deep blue-violet with Congo red. This reveals a positional relation between the egg 
and the stalk. It is known that the form of the elongated egg is controlled by the 
pressure, perpendicular to the stalk, of the inner membrane, so that the polarity axis 
of such eggs is determined parallel with the stalk. 


The writer’s sincere thanks are due to Prof. A. Kimura, Tohoku University, for his 


kind cooperation to the present research. 
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Introduction 


It is reported that there is an antagonistic relation between vegetative growth 
and sexual development in plants3™)6.9, On the other hand, the winter rye “ Petkus ” 
initiates flowering at the seventh folial node when the effect of vernalization is 
optimum, and as the effect of vernalization weakens the number of the nodes up to 
the first flower increases; whereas even a non-vernalized plant initiates flowering 
at the 25th node®). It is also known that several plants for whose flower-initiation 
a low temperature is considered indispensable can be flowered under a Suitable con- 
dition of other factors, without subjecting them to such a degree of cold that they 
ordinarily require!’ +19),23'.27),29) These facts lead to the speculation that the retarding 
of vegetative growth or the aging of the meristem-tissue is favourable for flower- 
initiation and that cold treatment for vernalization itself can be regarded as a 
treatment for retardation of growth of the meristem-tissue. From this point of view 
the authors made several experimentations to examine whether restraining of active 
cell-division in the meristem-tissue can promote flower-initiation or not. 


I. Retardation of growth of growing point by embedding in gypsum 


As the material the seedlings of the Japanese radish plant (“ Kuroba-minowase ”, 
a race of Raphanus sativus L. var. raphanistroides Makino***) were used. Seeds 
were soaked in water for 24 hours, then spread on filter paper in a large Petri jar 
and allowed to germinate. When the cotyledons expanded in a minimum degree 


possible for the treatment with gypsum (about 1 week after the germination) the 


* Contribution from the Botanical Laboratory, Faculty of Agriculture, Kyushu University. 
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It is preferable for this plant to be subjected to a low-temperature in the younger 
stage of seedling in order to initiate flower, but it can also be flowered by the green 
plant vernalization, It is said that when it is sowed before the middle of April the 
bolting is seen, by the effect of the natural low-temperature, but the plant sown after 


the first decade of May does not practically flower in the Kanto districts (Tokyo and 
district)?®’, 


ok 


se K 
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seedling was so fixed in a bamboo cylinder with solidifying gypsum that the hypo- 
cotyl and plumule were compressed by the gypsum 
but the cytyledons and roots were left free out 
of the cylinder as seen in the figure. Seedlings 
thus treated were planted in the garden; apparent- 
ly the growing points were not allowed freedom 
of further elongation; the cotyledons grew larger 
to about twice the breadth and thickness of the 
normal cotyledon, in compensation for the re. 
Strained growth of the growing point. Some 10 
days after the plantation the thread which had 
fastened the two halves of the bamboo cylinder 
was cut, then in several days the growing point 
and young leaves expanded so much that the 
solidified gypsum was broken. The first one or 


two leaves were slender, wrinkled and thickish; 
afterwards normal leaves came out. Bolting was Fig. A seedling fixed with gypsum 
; : : in a bamboo-cylinder. 

examined several times, and bolting percentages ee OS 


were found as follows: Exp. I-IV. 


xp, 
| Observed: 
Treatment | - —- - = << 
26/V | 29/VI1 11/VIII 30/1X 
Non-treated (control) | * ().0 (0/60) | 0.0 (0/50) 2.2 (1/46) D(C A ESY 
Treated with gypsum | 0.0 (0/57) | 7.2 (4/54) 11.1 (6/54) Tero O54) 


Soaked: 8/V, 1955; Germinated: 9/V: Germinated seedlings placed in room- 
temperature; Treated with gypsum and planted in the garden: 15/V. * Bolting 
percentage; [Number of bolted individuals] /[Number of total individuals] is 


given in parentheses. 


Baap. U- 
Observed: 
rhage 19/VI 2/VII 16/VI 30/VII 
Non-treated (control) 0.0 (0/66) 0.0 (0/66) 0.0 (0/66) ORO 2/66) 
hard* 0.0 (0/46) 10.8 (5/46) 17.3 (8/46) | 26.0 (12/46) 
Treated | soft** 0.0 (0/42) 7.1 (3/42) 21.4 (9/42) | 21.4 ¢ 9/42) 


Soaked in water: 17/I1V, 1956; Germinated: 18/IV; Treated with gypsum, and 
planted in the garden: 24-26/IV; Thread cut:6/V. * With hard-kneaded gypsum; 
** With soft-kneaded gypsum, which was found also to solidify satisfactorily. 


248 fi mo 4 M He BTL Se Be 841-842 & Waa 33 4 7-8 A 


From these experi- IBsq9)5 WINE, 
ments it may be said Observed: 
tee Treatment ———— — —— -— - 
that the gypsum 19/V1 2/VII 3/VIII 


treatment serves to : = = See a 
Non-treated (control) 0.0 (0/102) | 0.0 (0/102) | 0.0 (0/102) 


9 days* 0.0 (0/47) | 0.0 (0/47) | 8.5 (4/47) 
21 days** 0.0 (0/24) | 12.5 (3/24) | 29.1 (7/24) 


promote flower-initi- 
Treated | 


ation to some extent. 


The controls (not Soaked in water: 24/IV, 1956; Germinated: 25/1V; Gypsum- 
treated with gypsum ) treatment: 4/V. * The thread cut 13/V (9 days after gypsum- 
also. bolted though treatment); ** The thread cut 25/V (21 days after gypsum- 
treatment). 


rarely ; and this may 


be explained as follows: the natural Exp. IV. 
low temperature*** may occasional- 
: Observed: 
ly cover the plants cultivated out Treatment 
of doors, and it may happen that 9/VIL 2/VIT 


the cold can vernalize some of  Non-treated (control) | 0.0 (0/63) | 0.0 (0/63) 
hard* 0.0 (0/56) | 3.5 (2/56) 
soft** 0.0 (0/43) | 0.0 (0/43) 


them in such a degree that they ‘Treated 


can barely bolt. The percentages 


of bolting were far smaller in the Soaked in water: 7/V, 1956; Germinated: 8/V; 
materials not treated than in the Se Ce ee ee ae 
treated ones. 

In Exp. IV all the materials failed to bolt, except the 2 plants treated with hard 
gypsum; this means that the unfavourable high temperature of the summer inhibited 
vernalization or some physiological changes which must occur in the meristem in 
order to cause flower initiation. The gypsum treatment was carefully performed 
but some of the materials may not have been pressed on their growing points exactly 
enough to answer the purpose; for it was difficult to determine externally whether 
the technics succeeded completely or not. So if successfully gypsum-treated materials 
alone could be counted the percentage of bolting might be higher than the figures 
given in these tables. 


II. Inhibition of growth of growing point with maleic hydrazide solution 


Seedlings of the Japanese radish were used as materials; they were planted in 
the garden immediately after germination and about the time when the plumules 
have slightly appeared (about 5mm. long) a drop of the solution of maleic hydrazide 
COMH-30, prepared by the Otsuka Kagakuyakuhin Kabushikika’sha; abbreviated 
below to MH) of several different concentrations was applied to the growing point 
with a small sharp-pointed brush. As a check a drop of water was likewise put on 
the growing point of other seedlings. 


** The plants passed through several days of minimum temperature below 8° in the field 


in the course of experimentation, and in fact. 2. 6, 2 
; act, 2, 6, 2 and 2 such days res i i 
IBpsetoy, Uh, Wik, WOT eiral IINW/, ; ee eae 
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In the seedling whose growing point was treated with 1:500 solution of MH the 
cotyledons became enormously corpulent but no leat sprouted; and at last the seed- 


1dxqa), Wie 
Observed: 
Treatment - == = —___ — — ———— 
25/V 16/VI1 10/1X 
Water was applied (control) 0.0 (0/26) 0.0 (0/24) Sony 2a) 
MH (1: 1500) was applied 0.0 (0/12) 41.6 (5/12) 54.5 (6/11) 
MH (1:3000) was applied 0.0 (0/16) lor 27/116) Bae (fl) 


Soaked in water: 6/V, 1955; Germinated, and set out in garden: 9/V; 
Application: two or three times, when the plumule became 5mm. long. 


Exp. VIL 


Observed: 
Treatment 


5/VIII 


17/VI 2/VII 11/VIl 


Water was applied (control) 0.0 (0/57) | 0.0 (0/57) 0.0 (0/57) Noe C/SY) 
MH (1:1000) was applied | 


A once (1/V) 0.0 (0/63) | 3.1 (2/63) | 9.5 (6/63) | 14.2 (9/63) 
” ” " "” " | 


twice (29/IV, 1/V) 4.3 (3/69) | 17.4(12/69) | 31.8(22/69) | 39.1(27/69) 


MH (1:3000) was applied | : ; 
twice (29/IV, 1/V) | 0.0 (0/78) 


re) 


3.8 (3/78) | 10.2 (8/78) | 14.1(11/78) 
B 
" " ' ” a 
three times (29/IV,1/V,2/V) | 0.0 (0/50) | 12.0 (6/50) | 20.0(10/50) | 30.0(15/50) 


Soaked in water: A on 23 /IV and Bon 22/IV, 1956; Planted out in garden: A on 24/IV 
and B on 23/IV. 


Exp. VII. 


Observed: 


atment ——= 
Meat 28/VI 11/VII 26/VII 


i=) 


Water was applied (control) 50) CO/112) | 0.0 (O/12))) 276 G12) 


1: 3000) was applied once (6/V) d | 
seo MH a : 1000) was applied twice (7/V,9/V)| 1.1 (1/87) 11.4(10/87) | 20.7(18/87) 


_ 


MH (1:1000) was applied twice (6/V, 9/V) PIAS (CAD) 6.6 6/75) | 16.0(12/75) 
1: 3000) was applied once (8/V) 
a MH (4: 1000) eet applied once (9/V) 7.8 (7/89) | 10.1 (9/89) | 13.5(12/89) 


MH (1: 3000) was applied once (8/V) 0.0 (0/59) | 1.6 (1/59) | 6.7 (4/59) 
: i th ti 

Se IO anne aoe 1.7 (1/56) | 5.3 (3/56) | 14.3 (8/56) 

MH (1: 1000) was applied twice (9/V, 12/V) 2.7 (2/73) | 4.1 (3/73) | 8.2 (6/73) 


bo 
ie) 


MH (1:1000) was applied once (9/V) BONG Oo) 


Soaked in water; 29/1V, 1956; Planted in garden: 1/V. 


6 (1/38) | 10.5 (4/38) 


250 i ME BE 71H Be 841-842 G etre ia 4 


ling died. Solutions of MH of 1: 1500 and 1: 3000 also did not allow the extension of 
the growing point; and in compensation for that the cotyledon grew big; in about 
2-4 weeks a crumpled leaf appeared and then normal leaves expanded. Exp. V-VII 
were carried out in that way. 

Generally speaking, the application of MH solution hastened flower-initiation ; 
the solution of MH of higher concentration within a certain limit was more effective 
than that of lower concentration, and the more frequently applied the better. 

As the seedlings for the above-mentioned experiments were set out in the field 
relatively late in spring, the effect of the natural low-temperature was perphaps_ in- 
sufficient for vernalization*. Nevertheless, the experiment with materials which had 
apparently been already vernalized (see Exp. VIII)** also showed some, not very wide, 
difference in bolting percentage between MH-treated materials and water-treated ones, 
and there was difference in the number of leaves up to the floral node, which was 
smaller in MH-treated plants. 


ID Sj, WAU, 


Number of 


Bolting percentage observed on: | leaves 
me Treatment | | to thee, 
: O/VI 93 /V 5/ 95 floral node 
: goiter 
| Water applied 19.1 (9/47), 85,.1(40/47)| 89.3(42/47)) — | 29.0 
DY | = | 
aie MH (1:3000) applied | | | 
| twice on and after 9/lV) 41.4(17/41)) 85.3(35/41)|.95.1(39/41)) — 24.2 
Water applied 15.7 (6/38)| 57.8(22/38)| 76.3(29/38), — | Sh 9o 7 
| MH (1: 1500) applied | | | 
28/111 | three times on and | 
| after 9/IV 59.0(11/20), 90.0(18/20)) 95.0(19/20)) — | Oy) i) 
| Water applied = | 11.4 (4/35)) 34,.2(42/35) 57. 1(20/35)| 34.0 
3/1V MH (1:1500) applied | 
S | three times on and 
after 12/1V — 46.6 (7/15) 66.6(10/15) 93.3(14/15) OTE 


Hil. Inhibition of vegetative growth with hypertonic sugar solution 


Germinating seeds of the Japanese radish were placed in a dish and Sugar solu- 
tion of several different concentrations was poured into it so that the lower half of 
each seed was submerged in the solution. To prevent decay, the solution in the dish 
was renewed every day. The higher the concentration of the solution, the more 
effectively retarded the growth of the seedlings; the 20% Sugar solution scarcely 
allowed the seedlings to grow for about 7 days. After the finish of the treatment 


* The number of cold days of minimum temperature below 8° the materials met with 
was only 3 in Exp, V and VII and 6 in Exp. VI. 


** The number of cold days which the material experienced in the field was 20 in Exp. VIII 
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(about 6 or 7 days long) the seedlings were planted in the garden. The bolting 
percentage of the materials treated with sugar solution was greater than that of the 


controls steeped in water. The result is given in Exp, IX. 


scp. UX. 
Duration of treatment Solukion a acabis Se 
(in room temperature) 27/VI 16/VII 5/VIll 

A 19/IV-~26/1V W ae . DAO (OAK) || WHO (OMOO | S50 eyo) 

20% sugar solution 0.0 (0/43) | 18.6 (8/43) | 30.3(13/43) 

Water 0.0 (0/61) 0.0 (0/61) 4.9 (8/61) 

oO CS , + fs Q lod 

B | 23 /IV ~29/IV 10% sugar solution 0.0 (0/83) 8.4 (7/83) | 21.6(18/83) 
15% " " 0.0 (0/47) oe GEO) WV Zo.aCday2O) 

20% " ” 0.0 (0/44) 2.2 (1/44) | 18.1 (8/44) 


Germinated: A, 17/IV, 1956; B, 21/IV, 1956. The materials met with 6 Gia, 2O) Oe & Gin 
B) cold days of minimum temperature below 8° in the field. 


Discussion 


Treatment with gypsum gives pressure on the tissue of the growing point and 
restrains the elongation of that part and, on the other hand, by arresting the cell- 
division in the meristem-tissue!4 it impels the tissue to maturity. 

About the effect of MH on the vegetative organs, seeds, roots, leaves or stems, 
it is said that MH retards flowering7’.!2).21),22),30); the present writers also observed that 
inhibition of growth of the entire plant caused the retardation of not only vegeta- 
tive growth but also flower-initiation (see Exp. X)*. In this case the seeds, immediate- 
ly after germination, were so dipped in the solution or in water of room-temperature 
that only one half of each seed was submerged, and were left as they were for 2 
days; then they were planted in the garden. As it was early in the spring the 
seedlings must to some extent have been vernalized by the low-temperature** in the 
open air. Thus, in the two sets of experiments, the water-treated materials bolted 
at the rate of 95.5% and 33.3%, respectively; whereas the MH-treated ones only at 


Bp. x 


Treatment 
(soaked in the 
solution or 


Bolting percentage surveyed on: 
Date of 


germination water, for , fy : ae 
Sadar) 9/VI 2/VII eae 26/V 
Water 20.0 (9/45) | 77.7 (35/45) | 91.1 (41/45) | 95.5 (43/45) 


A | 25/III, 1956 


MH (1:3000) | 3.2 (1/31) | 35.4 (11/31) | 38.7 (12/31) | 51.6 (16/31) 


25.7 (17/66) 
(2/42) 


33.3 (22/66) 
4.7 (2/42) 


Water 
Bohewaane tl MH (1:3000) 4.7 


** The materials passed through the days of minimum temperature below 8° on the field 
20 times (in A) or 14 times (in B). 


tw 
oa 
bo 
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51.6% and 4.7%; namely, the MH-treatment retarded flower-initiation. It seems that 
the plants which had their vegetative growth too heavily inhibited by several un- 
favourable physiological effects of MH1!)3b, must secondarily have been delayed in 
flowering!3, But application of MH only to the plumule inhibited further elongation 
of that particular part and made the tissue there old, and the other parts of the 
seedling, namely, cotyledons, root, etc., were not so retarded. The cotyledons, on 
the contrary, compensatively enlarged; the plant as a whole was not perceptively 
delayed in its growth. 

The result of the experiment with sugar solution also leads to the same assump- 
tion, though in this case the solution must act osmotically™. 

Of course there are many problems to be discussed in the present experimenta- 
tions. For instance, whether Ca- or SO,-ions have really no effect upon the 
materials24)*, what is the antagonistic relation between MH and auxin or auxin- 
levell6.20), whether sugar acts simply osmotically, not as a nutritious substance? 17.26), 
etc. Nevertheless, it can very likely be said that those experimentations contribute 
something to the speculation that the aging of the growing point or the advance in 
physiological age of the meristem is favourable for flower-initiation. It is imagined 


” 


that it may be in those conditions that “‘vernalin” (Cif it is really in existence) is 
formed or, in other words, that the state of protoplasm in the meristem is turned 
into the pattern essential for the course of flower-initiation’®), though not so easily 
as in the conditions induced by the low-temperature treatment. The flower-initiation 
of aged cereals without cold-treatment as well as of plants subjected to low-temperature, 
which, as a necessary consequence, retards the growth of the growing point, may 
also be regarded as a phenomenon resulting, at least in part, from the same mechanism, 


namely, advancement of physiological age of the meristem in the growing point. 


Summary 


1. As the material the Japanese radish was used. 

2. Retardation of the growth of the growing point by embedding in gypsum 
causes flower-initiation to some extent, though the plant is not exposed to cold. 

3. Retarding the growth of plumule by application of maleic hydrazide solution 
to it, causes flower-initiation in Some measure, though the plant is not subjected to 
low temperature. 

4. Inhibition of vegetative growth by using hypertonic sugar solution leads to 
flower-initiation in some degree, in spite of no cold-treatment. 


* An experiment was conducted parallel with the Exp. II. In this experiment, instead of 
pressing the material with hardened gypsum, the lower half of the seedling was dipped 
in a solution saturated with gypsum for 12 days and then the plant was set out in the 
garden, The bolting percentage obtained on 13/VII was 0.0 (0/92) and afterwards it 
became 6.5 (6/92) on 26/VII. The difference of the figures of bolting percentage bewteen 


the control (not treated with gypsum) in Exp. II and the material of this experiment 
may perhaps be insignificant. 
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5. The writers advance a speculation that the aging of the protoplasm in the 
tissue of the growing point is probably favourable to inducing flower-initiation. 


Thanks are due to the grant from the Science Research Fund, Ministry of 
Education, out of which the expense for this research was partly defrayed. 
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In short day plants the dark period must last beyond a definite duration to be 
effective on floral initiation. The effective duration in a given plant is rather con- 
stant under given internal and external conditions. The dark period of less than the 
critical duration cannot induce flower initiation, even if repeatedly given. It was 
reported that dark treatment of sufficient duration, given to a portion of a leaf can 
give rise to flower initiation in some short day plants. According to Cajlachjan, 
Xanthium and Perilla initiate flower buds if the basal half of a leaf is subjected to 
short day, whereas it is not the case when the apical half is treated2»}3. Aalanchoe 
Blossfeldiana is also reported to form flower buds in response to partial treatment of 
a leaf ®. 

In the previous papers it was reported that the critical dark period for Pharbitis 
Nil lies between 8 to 9 hours? and that even a leaf surface drastically reduced to 
lcm2. can induce photoperiodic responses!®. In the present paper experiments are 
reported in which the dark periods are given to different part or parts of a single 
leaf using various methods. 


Wiaterial and Methods 


In the majority of experiments a young plant of Pharbitis Nil, strain “ Violet’? 
was deprived of its main axis and all leaves except one were removed. The remaining 
leaf and its axillary bud served as donor and receptor. The darkening of a definite 
part of the leaf was done by adjusting a folded black, light-proof paper to both leaf 
surfaces by means of metal clips. Special attention was paid to adjust the paper to 
the leaf surface as closely as possible. To give dark treatment to a whole leaf a bag 
of light-proof paper was used, as in experiments previously reported®). 


Results 


I) Effect of dark treatment of one half of a leaf. Dark treatment was given to 
the basal or apical half of a leaf from 4 p.m. to 8a.m., and its effect was compared 
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with that of a dark treatment given to the whole leaf. The results obtained are 
represented in Table 1. In one experiment in which treatment was given for 5 days, 
all the treated plants initiated flower primordia, but the number of plants with terminal 
flower differed markedly in each lot. Ten out of 12 plants, in which the whole 
leaf was treated, and 4 out of 12 plants in which the basal half of a leaf was treated, 
initiated terminal flowers. None of 12 plants in which the apical half of a leaf was 
subjected to darkness, initiated a terminal flower. Another experiment, in which the 
Short day treatment was given for 3 days, gave quite similar results. 

Il) Effects of two dark treatments of subcritical duration given successively to 
basal and apical halves of a leaf. In this experiment it was examined whether the 
effects of two dark periods of shorter than the critical duration given successively to 
different halves of a leaf can sum up to induce flowering. The apical or basal half of 
the donor leaf was darkened for 8 hours from 4 p.m. to 0 a.m. and just before the 
removal of the cover the remaining half was enclosed for the same duration, i. e. from 
0 am. to 8 am. of the next day. In some experiments the dark treatment was 
started from 8 a.m. so that the plant was maintained in darkness during day time. 
Special attention was paid that the two darkened areas do not overlap at the border 
line. After the procedure was repeated 3 or 5 days, the plants were grown under 


Table 1. Effect of dark treatment given to a half of a leaf 


Duration of Portion of the leaf darkened 
Start of |dark period| iene 
dark * | Responses ree 
pe wement enw atk) Whole leaf | Basal half | Apical half 
treatments 
No. of flowering 
plants ele LZ 12/12 0/12 
ied 16 hours No. of 
July 17 x plants observed 
5 
No. of plants with 10 4 0) 0 
terminal flower 
No. of flowering : 
plants 16/16 32/32 32/32 0/12 
93| 16 hours No, of 
August 2 x plants observed 
3 . rr 
No. of plants with 10 ils} 0 0 
terminal flower 


continuous illumination. Four lots of plants served as controls. In the first control 
lot the whole leaf, in the second the basal half and in the third the apical half of the 
donor leaf were subjected to darkness for 16 hours. The last lot remained untreated 
and left on a continuously illuminated bench. The results are represented in Table 
2. It is noticeable that the plants used in different experiments significantly varied 
in their sensitivity to the same photoperiodic treatment. The cause of this variation 
can not be elucidated without further experimentation, but it seems highly probable 
that this may be due to the environmental factors prevailing during each experiment. 
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fifi Se 
Despite the variation in sensitivity, the general tendency in the responses to different 
experimental treatments is obvious. The plants of which the whole donor leaf was 
subjected to darkness for 16 hours, initiated the largest number of flower primordia. 
The darkening of a half leaf for 16 hours is not so effective as that of the whole 
leaf, especially when given for 3 days. In the plants in which the basal or apical 
half of the donor leaf was darkened for 8 hours and immediately thereafter the re- 
maining half was darkened for the same duration, i. e. one half of the leaf area received 
in one day in total 16 hours’ darkness, a considerable number of flower primordia were 
initiated only when the plants used had high sensitivity. From the results we may 
conclude that the photoperiodic induction caused by dark treatment of subcritical 
The dark 
treatment must be given to a definite part of a leaf uninterruptedly in sufficient duration 
ise the (case 


duration in different parts of a leaf can sum up only to some extent. 
in order to bring about a pronounced photoperiodic effect. The same 
with all experiments represented in Table 3, where the total duration of darkness was 
14 and 12 hours. 

Ill) Effect of two dark treatments of subcritical duration given successively to 
The effect of two dark 
successively to two adjacent leaves was also studied. The plant was deprived of all 


different leaves. periods of subcritical duration given 
buds and leaves except the first and the second leaves and the axillary bud of 
a.m. the first leaf 
This 
In another experimental lot dark treatment was 
given at first to the first and then to the second leaf. Five lots were used as controls; 
in two the first leaf and in other two the second leaf alone was subjected to 7 and 14 
hours’ darkness respectively. The remaining fifth lot served as light control, having 
received no dark treatment. All plants which received a 14 hours’ dark period initiated 


the latter. From 5 p.m. to 0 a.m. the second leaf, from 0 a.m. to 7 
were enclosed in light-proof bags, while the other leaf was subjected to light. 
procedure was repeated for 5 days. 


Table 4, Effect of successive dark treatments of subcritical duration given 
successively to different leaves for 5 days. Dark treatment started 
on 18th of August. 
Method of dark treatment 
2nd and jist and | 2nd leaf| Ist leaf | 2nd leaf | Ist leaf | Light 
Resnmces then Ist |then 2nd |14 hours? | 14 hours’| 7 hours’ | 7 hours’ | control 
leaf suc- leaf suc- dark dark dark dark 
cessively,|cessively,| period period period | period 
(ahlOuikSan fe nouns? 
dark each|dark each|Control 1|Control 2 Control 3 Control 4\Control 5 
No. of flowering 
plants ; | 
Nar at ali 0/18 10/10 10/10 OW 1 0/8 0/19 
observed plants 
No. of plants with 
terminal flower 0 0 4 2 0 | 0 0 
No. of flowers 2 0 98 66 0 | 0 0 
| 
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flower primordia. The treatment of the second leaf was more effective, and brought 
about more flower buds and terminal flowers. This is in agreement with the results 
reported by many authors which indicate the Significance of the age of the leaf in 
photoperiodic induction 1.1).7);13), As expected from the foregoing experiments, a Sum- 
mation of induction caused by 7 hours’ darkness in two adjacent leaves occurred only 
to’a very slight extent. Only one out of 35 plants produced 2 flower primordia, as 
shown in Table 4. 


General considerations 


It is a well accepted view that the photoperiodic induction in short day plants is 
caused by changes taking place both in the light and in the dark periods. The latter 
can only be effective when it is prolonged beyond a definite duration. The experiments 
reported in the present paper show that dark treatment of a portion of a leaf is 
effective also in Pharbitis as in Perilla, Xanthium and Kalanchoe, even if the remaining 
portion is exposed to light2).3).6, 

It was also proved that the dark treatment must be applied to the same leaf or to 
the same portion of a leaf uninterruptedly beyond a definite duration in order to cause 
pronounced flowering response. Two dark periods slightly shorter than the critical 
one, applied successively to adjacent parts of a leaf, are not so effective as the appli- 
cation of one dark period of double duration to one part of a leaf. This may be due 
to the fact that the reaction taking place in the dark does not proceed linearly in 
relatioa to the duration of darkness but has a pronounced lag phase. At the beginning 
of the dark period the reaction velocity may be slow, and increase more and more as 
the dark period proceeds. Thus in the first several hours the reaction brings about 
only a slight effect but in the hours following the first 7 or 8 hours it may give rise 
to a pronounced effect. 

The same considerations may be adopted to explain the fact why in many short 
day plants the duration of a dark period sufficient to cause minimal responses and 
that of the maximum effectiveness are not very different. In Biloxi soy bean the 
minimal duration of darkness for flower initiation was reported to be 10 hours and 
that of maximum response 12 hours». This is also the case with Xanthium. The 
dark period must last beyond 9 hours to be effective and the maximum response is 
obtained by a dark period of 12 hours®. 

In Perilla and Xanthium the treatment of the basal half of a leaf is more effective 
than that of the apical half, indicating that the photoperiodic induction brought about 
by the exclusion of light may be destroyed in the illuminated mesophyll2?.3). In 
Pharbitis Nil, however, no significant difference can be observed in the effectiveness 
according to the leaf portion subjected to dark treatment. This may be in accordance 
with the fact previously reported that in this plant the effect of a dark period of 
sufficient duration is not destroyed by a following light period®. 
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Summary 


1) When two successive dark periods of subcritical duration—for example 8 hours 
—are applied successively to the apical and then immediately hereafter to the basal 
half of the same leaf, and this is repeated for several days, no flower primordia or a 
few only are initiated. The above mentioned effect is very weak in contrast to plants 
in which the basal or apical half of the leaf is subjected daily to one dark period of 
two fold duration—for example 16 hours. Two successive inductions caused by dark 
periods of subcritical duration applied to two different parts of one leaf can initiate a 
considerable number of flower primordia only when the plant used has high sensitivity. 

2) The effect of two dark periods of subcritical duration given successively to two 
adjacent leaves is not so effective as the application of a dark period of double duration 
to one leaf. 

3) The phenomenon may be explained by the. assumption that the reaction 
taking place in the dark does not proceed linearly in relation to the duration of dark- 
ness but has a pronounced lag phase. 

4) In contrast to Perilla and Xanthium, no significant difference could be observed 
in Pharbitis Nil, between the dark treatment of sufficient duration to the apical and 


to the basal half of a leaf. 
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The photosynthetic activity related with the environmental factors makes the in- 
dispensable background for the analysis of primary production of the ecosystem. In 
the ecological study of organic matter production in lakes, it requires the informa- 
tion on such characteristics of natural phytoplankton. Several excellent studies have 
been done on these problems, but so far not enough data seem to be collected to 
elucidate thoroughly many problems still remaining. As noted by many investigators, 
the photosynthesis of natural phytoplankton differs in seasons and in waters as 
well. From field survey alone, it is very difficult to make any confirmation of what 
sort of factor is most essential for photosynthesis as the limiting factor, or how each 
factor can affect the primary production. Therefore, in order to get quantitative in- 
formation on the photosynthetic characteristics of natural phytoplankton, it is rather 
desirable to investigate the photosynthesis under controlled conditions in a labora- 
tory, and the present study was pursued on this line. 


1. Methods 


Methods used in the present study were similar to the one described previously 
(Ichimura & Saijo 1958). As for the materials raw waters containing phytoplankton 
were collected from several lakes in prefectures neighbouring Tokyo. The photosyn- 
thesis was measured under laboratory conditions, using O»-, and !4C- method. The 
amount of phytoplankton was estimated by that of chlorophyll. 


2. The relation of photosynthesis to light intensity 


Lake waters used in this experiment were sampled from the surface of three 
eutrophic lakes, Kasumigaura. Teganuma and Jonuma, where dominant phytoplankters 
growing densely in a gregarious state were Microcystis sp., Pragilaria Sp., and 
Chlamydomonas sp., respectively. Differences in the amount of nutrient materials in 
each sample were scarcely found. Some of chemical elements were as follows: NH,-N 
was 0.1—0.3mg./l., PO,-P 0.05—0.08 mg./l., and total carbon 40—50 mg./I. Sample 
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waters filled in 100 ml. clear glass bottles were illuminated at various light intensities 
with a 500 W flood lamp in a water bath at 20° for 3 hours. 

Results of the 
experiment are 


So 


shown im Fig. 1. 
From the feature of 


[o,0) 


photosynthetic 


curves it may be said 


oS) 


that the light satura- 
tion of photosynthesis 


somewhat differs 


fs 


with kinds of phyto- 
plankters used. 
Namely, the light 


saturation occurred 


Photosynthesis mg.02/ng.chl/br 
po 


au about d5iklitisc.. im 


Ss 


ie » 4 . ; g “10 iD 14 16 Microcystis of Kasu- 


3 ; igaura, and at about 
Light tntensit Z pe Aree 
ug y HLUK. 10 klux. in Chlamydo- 


Pig. te Relation between photeoaee rate and light intensity monas of Jonuma. 
obtained with phytoplankton growing in waters taken from several 


eutrophic lakes. However, that in 

-~-@©--, Microcystis in Lake Kasumigaura, —@-—, Chlamydomonas Fragilaria of Tega- 
in Lake Jonuma, -©-, Fragilaria in Lake Teganuma. numa was. recorded 
7 klux., a little lower than 
those obtained with two 


[@.°) 


former samples. 
The light saturation 


of photosynthesis was ob- 


1@>) 


served at low light in- 
tensity in the sample 
taken from the bottom of 
trophogenous layer. This 


is clearly seen in Fig. 2. 


ine) 


The samples taken from 
various depths in Lake 


Photosynthesis 12q.0s/ngchl kr 
cs 


Kasumigaura in Novem- 
ber included mainly 0 9 4 6 8 10 12 14 
Microcystis sp. The Li ght intensity Alux 


samples from the surface, 
: ? Fig. 2. Relation between photosynthetic rate z i in- 
and 2 and 3 metre depths . F ; ries a See 
tensity measured in phytoplankton taken from various depth 


showed nearly similar (@ surface, © 2m, @ 3m, -@- 4m) of Lake Kasumigaura. 
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reaction to light intensity with saturation at ca. 15 klux. From this result it may 
be concluded that the phytoplankton distributed in the trophogenous layer has the 
same photosynthetic activity, but the plankton living at the layer below the com- 
pensation depth has excessively low activity. 
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Fig. 3. Maximal photosynthetic activity of natural phytoplankton contained in 
raw waters taken from various waters. 
1. Chlorella suspension, 2. Kasumigaura, 3. Jonuma, 4, Nakanuma, 
5. Teganuma, 6. Tokyo Bay, 7. Harunako, 8. Shimoda Bay, 
9. Yamanakako, 10. Shojiko, 11. Ashinoko. 


Phytoplankton collected from oligo- and mesotrophic lakes also showed the similar 
tendency in photosynthesis in relation to light intensity. However, the photosynthesis 
of these samples was, even of the surface water, already saturated with about 4 
klux. light, and its maximum was strikingly lower than those of eutrophic lakes. 
For the low photosynthetic activity, in general, the deterioration of phytoplankton in 
deeper layer seems to be responsible in the above mentioned case, and the deficiency 


of nutrient salts does in oligotrophic lakes. 


3. Photosynthetic rate of phytoplankton in various waters 


The data of the photosynthetic rate of phytoplankton in natural water are very 
important in order to compare the primary production in lake with each other. In the 
previous paper (Ichimura 1958) the photosynthetic rate obtained under field condition 
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showed large divergency in each lake. In that experiment the accurate determination 
of light factor was too difficult to elucidate the relationship between photosynthesis 
and light intensity exactly. In this experiment, therefore, the photosynthetic rate 
was investigated under varying light conditions in a laboratory at constant tempera- 
ture of 20°, and the nutrient conditions remained as they were. Sample waters taken 
from some eutrophic and oligotrophic lakes, the fundamental distinction of which had 
been disclosed by Yoshimura (1937) on the basis of nutrient materials in water. As 


é ; : compared with 
Table 1. Photosynthetic rate of phytoplankton in various 


waters, measured by !'C method. these waters, 


7 jee : =) 9) CGhiorela ssuspen: 
intense Date Photosynthesis 
: O.mg./chl. mg./hr. sion in Detmer’s 
Kasumigaura May 16, 1957 9.1 solution, and sea 
Jonuma Oct. 29, 1956 B.2 waters were used. 
Nakanuma April 24, 1957 | 7.6 | The representa- 
Teganuma May 29, 1956 6.8 ‘ 

: abe ; tive photosynthe- 
Harunako Oct, V295 1.956 Seif : e ; 
Kawaguchiko June 28, 1956 4.6 tic curves selected 
Yamanakako June 28, 1956 4.2 from the data ob- 
Shojiko June 24, 1956 Syl tained throughout 
Ashinoko May 23, 1958 1.4 2 

the year are sum- 
Tokyo Bay Mar. 20, 1956 6.8 ; , 
Shimoda Bay June 12, 1957 4.5 marized in Table 
Kuroshio Area May 2, 1958 Ps 1. The maximum 


7 : : = ae photosynthetic rate 
of phytoplankton is, in general, in eutrophic water about 8 mg. O2/mg.chl./hr. and 
in oligotrophic water about 2—4mg.O./mg.chl./hr. The curves, however, varied 
conspicuously according to the differences of water or of seasons. Such differences 
may be the result of the variation of nutrient concentration in water, and in some 
cases they may be atributable to the deterioration of phytoplankton itself. Details on 
this phenomenon will be discussed in the next paragraph relating to the effect of 
nutrient salts on photosynthesis. 


4. Effect of nutrient salts on photosynthesis 


The manipulation used in this experiment was similar to that reported by 
Edmondson (1947) asa whole. After two days keeping of sample waters of 201. added 
with various amount of CaCNO3)2 and KH2PQ,, in a growth chamber, with }10 klux. 
illumination at 20°, the sample waters were filled in clear and dark bottles and set out 
in a water bath at 20° in order to measure photosynthesis under varying light inten- 
sities. The effect of supply of nutrient salts on photosynthesis was exceedingly 
varied with the amount of those existing in the initial raw water. 

Fig. 4 shows the results obtained with the surface water taken from extremely 
eutrophicated Lake Jonuma in autumn, where the nutrient concentration was more 
than 0.2 mg./l. of NHy-N and 0.08 mg./l. of PO,g-P (these analyses were carried out by 
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Dr. N. Yamagata, Gunma University). The 


enriched water were (0.3 


oS 


mg. of nitrogea and 0.2 
Pho- 


the 


mg. of phosphorus. 


tosynthetic rate of 


[e0) 


raw water showed fairly 


high initial value, and 


the response of photo- 
synthesis to fertilization 
was not so conspicuous. 
Marked 


ever, was recognized with 


tS 


response, how- 


the sample waters from 


Fhotosyathests 1g Os/ing.al/hr 
ho > 


oligotrophic and mesotro- 


phic lakes (Fig. 5). The 


surface water of mesotro- 0 9 4 


phic Lake Yamanaka con- 
tained only about 0.01 
: ; Fig. 4. 

Ale wore )(02 es 
mg./l. nitrogen and 0.002 ayehetic sane 


mg./l. phosphorus in July from Lake Jonuma. 
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Fig. 5. Effect of fertilization on photosynthesis 
of phytoplankton living in surface water of 
mesotrophic Lake Yamanaka. 

-@- Raw water, -@- enriched water. 


activity of phytoplankton in such 


raw waters was very low and its 
maximum was less than 4mg./mg. 
lal Ale Wamu 


amount of fertilizers (NO3-N, 0.5 mg. 


addition of proper 
/\., POg-P, 0.2 mg/l.) the photosyn- 
thetic activity was promoted up 
to the high value which would be 
lakes. It 
may be inferred from these results 
that 
tion generally measured in oligo. 


observed in eutrophic 


the low primary  produc- 
trophic lakes should be refered to 
shortage of nutrient materials in 
water. 

Depletion of nutrients frequent- 
ly appears even in eutrophic lakes, 


generally in summer and in autumn, 
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As an example, the results obtained with samples taken from Lake Teganuma in 


: October are summarized in 
Table 2. Effect of nutrient salts on photoynthesis 
a Sn | 


Table 2. Autumn peak of phy- 


Photosynthesis : : : : 

: toplankton opulation which 
| Fertillizer mg./I. Ogmig-jt/ ar. | pie por 

| f=to) Go 


Raw lake water containing 


nae Nae 0.16 0.12 | in this lake. The amount of 
c = S 4 | 


25 15 | had generally been found in 


many lakes, was not observed 


Fertilized with phosphorus in the water was 


0.05 NOs-N 0.23 0.15 : 
0.50 NO,-N 0.34 0.21 almost nil, and only 0.01 mg./1. 
Fertillzed with | of nitrogen was detected. In 
0.05 PO,-P 0.29 _ | ; es, 
0.50 PO,-P 0,39 0. 22 this season application of 
Fertilized with | fertilizers is quite effective on 
| Peele NOs 0.45 0.32 | 


photosynthesis. Same phenomena 


0.50 PO,-P 


were observed also in Lake 
Kasumigaura. These results may suggest that one of the most important causes for 
autumn reduction of the primary production in lakes is rather the depletion of 
nutrients in water, and not due to the deterioration of phytoplankton. 

The immediate effect of fertilization on photosynthesis was not recognized in the 
sample taken from deeper layer of lake. Lower curve in Fig. 4 shows the result 
obtained with sample waters from 1m. depth of Lake Jonuma and from 4m. depth 
of Kasumigaura. The nutrient concentrations in the waters just after fertilization 
were 0.5 mg./l. of nitrogen and 0.2 mg./l. of phosphorus. In this case, the extremely 
low photosynthesis in the raw waters could not be recovered by fertilization. The 
cause is probably attributed to the deterioration of phytoplankton itself. However, it 
should also be taken into consideration that the phytoplankton living in feeble illu- 
mination of deeper layer sometimes is characterized by the photosynthesis of shade leaf 
type as measured by Gessner (1949). 


5. Effect of temperature upon photosynthesis 


The vertical diversity of temperature in trophogenous layer is not so remarkable 
as the decrease of light intensity with depth. Temperature factor rather seems to be 
important for determining the geographical and seasonal productivity (Ichimura 1954). 

Experiments were done with waters collected from surface of several eutrophic 
lakes in every month. Tanks filled with sampled waters were incubated at various 
temperatures in out-of-door for 48 hours. Then, materials were filled into glass 
bottles and set out in water baths with various temperatures at which the sample 
had been incubated, with amplitude of +2°. Some results are indicated in Pige6. 
The productivity of water was generally increased with rising of temperature, al- 
though some of the samples which were taken in late summer or in winter did not 
show any sensitivity to temperature change. The results obtained with diatoms 
(Fragilaria, Melosira) and gree-blue algae are shown Fig. 7. The optimum tempera- 


July-Aug, 1958 Bot. Mag. Tokyo, Vol. 71, Nos. 841-842 267 


ture was about 15° 
04 


in the former and 


22°—25° in the latter. 


Diatoms showed 03 

more efficient activity 

than green-blue algae 02 

in low temperature 

range. However, the < 4 

decrease of  photo- : 

synthetic rate at s 

high temperature is QW Q 

more noticeable in K 

diatom than in green- -() 

blue algae. More- > 012 

over, it is interesting a 

to notice that very Ss 08 

high photosynthetic = 

rate had sometimes ~ 04- 

been measured in + oe 

field at about 5°, just 

after melting of ice, 0 

for example, in Light imtens tty ALUIC 
Asterionella formosa 04 a ees ee ee 
in Lake Harunako. Fig. 6. Effect of temperature on productivity of surface 


water. Kasumigaura, Nov. 23, Teganuma, May 14. 


6. Seasonal change in potential photosynthetic activity 


of phytoplankton 


As shown in one of the previous papers (Ichimura 1958), the photosynthesis of 
phytoplankton indicates remarkable seasonal variation in the fields and variation is 
mainly attributable to the change of its environmental factors. However, there re- 
mains another serious problems whether phytoplankton living under severe natural 
conditions can keep its constant potential photosynthetic activity throughout the 
year. If the potential activity differs in each season, it would not be easy to deduce 
the primary production of a lake from simple calculation as introduced by Manning 
and Judy (1941), Hogetsu and Ichimura (1954), and Ryther and Yentsch (1957). 

For the sake of elucidation of this problem, following experiments were carried 
out throughout the year at a constant temperature of 20° with lake waters supplied 
with nutrient materials in the optimal level of PO,-P 0.2 mg./I., NO;-N 0,5 mg./I. and 
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The results obtained 
at light saturation 
are shown in Fig. 8. 
From the results it 
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may be known that 
the potential photo- 


aS 


synthetic activity of 
phytoplankton popu- 


Green-Blue algae lation is, as a whole, 
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po 


PhotosynthestS 1g.02 tag. chl [hy 


throughout the year, 


ws _ a . except for two spells 
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0° ou (0 [5° 20° 2a. 50 in late summer and 

lempe rature in late winter. Low 


Fig. 7. Relation between photosynthetic rate and temperature photosynthetic ac- 


measured in diatom and green-blue algae. tivity in these two 


spells might be attributed 
to the deterioration of the 
phytoplankton. Actually, 
such spells accorded with 
the periods when the algae 


constitutents were  alter- 


Photosynthesis 1g.02/ng.lhllhr 
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; 4 
ing, 
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Summary 
The relation of photo- O "Tan. Feb.” Mar Apr. May June July Aug. Sept. Oct. Nov. Dec. 


synthesis of natural phy- Fig. 8. Seasonal change in popential photosynthetic 
toplankton to each enviroa- activity of phytoplankton of eutrophic lakes. 


mcnialinetacior me Waseca © Lake Kasumigaura, (@) Lake Teganuma, @ Lake Nakanuma 
cussed in detail on the basis of laboratory experiments. 


1. In eutrophic lake water, or in water enriched with nutrient salts, light satura- 


tion of photosynthesis occurred at about 15klux. in Cyanophyceae communities, at 
about 10 klux. in Chlorophyceae, and at 7 klux. in Bacillariophyceae. Such light satura- 


tion, however, was found at low light intensity of about 4klux. with phytoplankton 
in oligotrophic lake water. 


2. The highest photosynthetic activity of phytoplankton of about 8mg. Oo/chl. 


mg./hr. was measured in natural waters of eutrophic lakes. The activity in meso- 


trophic lake was about 4 mg. O./chl., mg./hr. and the lowest was 2mg. O2/chl. mg./ 
hr. in oligotrophic lakes, | 


July-Aug. 1958 Bot. Mag. Tokyo, Vol. 71, Nos. 841-842 269 


3. The effect of supply of nutrient salts on photosynthesis of phytoplankton was 
not so remarkable in eutrophic lake waters as in oligotrophic ones. However, nutrient 
materials in water were exhausted sometimes even in eutrophic water in summer 
and autumn, and the deficiency in such materials would be able to limit the primary 
production of lakes severely. 

4. Potential photosynthetic activity of phytoplankton was almost constant through- 
out the year, except for two spells in March and in August when heavy altering of 
constitutent phytoplankters were going. 


The authors wish to express their cordial gratitude to Prof. M. Monsi and Prof. 
K. Hogetsu under whose guidance this research has been carried out. Also their 
thanks should be expressed to Prof. T. Miwa for his valuable suggestion and encourage- 
ment. 
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Melanization in the Mycelium Due to the Interaction of 
Two Strains of Neurospora crassa 
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In the previous paper (Kuwana 1956), the author reported that tyrosinase activity 
of the homogenate of mycelium obtained from a mixed inoculation of two strains 
of Neurospora crassa is very strong, although the mycelial homogenates of the compo- 
nent strains show rather weak activities. In this paper, the author deals with the 
mechanism of the enhancement of tyrosinase activity and makes clear that it is due 
to the direct interaction by mixing of the cell contents of the two strains. 


Materials 


All strains used were derived from two wild type strains, 4A and 8a, of Neurospora 
crassa. From a cross of 4A x8a, two strains which produce abundant macroconidia 
were isolated; these are named K54A and K5dda respectively. Either the mycelial 
homogenate of K54A or that of K54a showed little tyrosinase activity separately. 
But a mycelium obtained from a mixed inoculation of these strains showed a high 
tyrosinase activity (Kuwana 1956). From a further cross of K54A with K&4a, eight 
complete asci were dissected. Four ascospore pairs from one of these asci named t2 
were used exclusively. They are represented by t2-1A, t2-2a, t2-3a, and t2-4A. 
In these four isolates, the combinations between the same mating types gave strong 
tyrosinase activity. 


Experimental 


Hyphal fragments of the strains t2-1A and t2-4A were inoculated on two points 
on the surface of a Westergaard and Mitchell’s (1947) agar plate and incubated at 25°. 
The two strains grow out and extend hyphae by radial growth. After five to seven 
days, the part of mycelium they met and to one side from this borderline became 
pigmented with melanin (Fig. 1). No sucha mycelial melanization was found in the 
case where only t2-1A or t2-4A were inoculated at the two points (Pig. erie 
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Same phenomenon was observed with t2-2a and t2-3a. The strain t2-2a behaves 
as C2=LA; “and 2-34 as ot2-4A. 

In order to gain the mycelium from the surface of an agar plate, a cellophane 
membrane was put on a Westergaard’s agar plate, and t2-1A and t2-4A were 
inoculated at the two points on it. 
After seven days, the mycelium 
was harvested and cut to four 
parts as shown in Table 1, and 
the tyrosinase activity of. the 
homogenate of each part was 
estimated by color reaction with 
the addition of .-tyrosine as a 
substrate. The enzyme activity 
was detected only from the part 


3, melanized part of the mycelium 


(Table 1). The more accurate Fig. 1. The melanization reaction between 
the strains t2 1A and t2-4A, cultivated on 


xperiment was performed with 
aed P the Westergaard’s medium at 25° for 6 days. 


the Warburg respirometer. In this 
case, activities of part 14+2 and part 3 were compared with each other. A strong 
tyrosinase activity was also detected only from the pigmented part (Table 1). 


Table 1. Tyrosinase activity of different part of the mycelium. The final 
concentration of the substrate, .t-tyrosine, was M/600. Oxygen uptake was 
determined at 25°. 


Tyrosinase activity 


Respirometric determination 
: . Q), (ul./mg. wet weight/hr.) 
Colorimetric 2 


Partition of mycelium | estimation 
| Intact mycelium Homogenate 
a a 2 
f 
t2-1A 1 = 
——_ = 0.19 0, 55 
Yy = 
3 te Loe 11.45 


t2-4A 
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Thus, a strong tyrosinase activity shown by the homogenate of the mycelium 
obtained from the mixed inoculation of two strains may be due to such a pigmented 
part. 

Various environmental conditions affect the melanization of the mycelium as 
reported elsewhere (Schaeffer 1953, Hirsch 1954). Ten times as much concentration 
of the nitrogen source as the Westergaard’s medium prevents the pigmentation. A 
temperature above 30° also prevents it. If the concentration of sulfur is reduced to 
one tenth, mycelial part of contact of the two strains shows the pigment even ikel inline 
presence of the high level of nitrogen. These conditions coincide with those which 
enhance the activity of tyrosinase (Horowitz and Shen 1952, Schaeffer 1953, Hirsch 
1954, Kuwana 1956). 

A question is raised as to whether the melanization of the portion of mycelial 
contact of the two strains is due to diffusible substance(s) which are excreted from 
one strain and exert their effects on the other, or it is caused by the direct interaction 
by mixing of the cytoplasms of the two strains. 

The first possibility was examined preliminarily with the use of U-tube, the base of 
which was partitioned by a cellophane membrane. The both sides of the tube were 
half filled with liquid or agar Westergaard’s medium. The strains t2-2a and t2-3a 
were inoculated in each side respectively and incubated at 25°. No melanization was 
observed at the part of contact of both mycelia across the cellophane membrane even 
after three weeks. Tyrosinase activity was not high in the mycelial homogenates of 
t2-2a, or t2-3a, even when they were cultivated on the medium containing the 
culture filtrate of t2-3a and t2-2a respectively (Table 2). After the cultivation 


Table 2. The effect of culture filtrates on tyrosinase activity. Filtrates 


were prepared from 7 days culture media through Chamberland bacterial 
filters. Tyrosinase activity of 5 days mycelial homogenates was estimated 


colorimetrically. 
ner aes we ee 7" rrcethies ca realy oe : 
Masher (control) +filtrate of t2-2a| +filtrate of t2—3a | 
t2—2a ia, ~ : : an i = 
t2-3a ww - oo =e 
t2—2a+t2—3a ote Se “plese 


in which the culture filtrates were exchanged between t2-2a and t2-3a on the 
way of incubation, tyrosinase activity was not high from their mycelial homogenate. 
The possibility of diffusible substances which act to increase tyrosinase activity, 
therefore, may be excluded. 

On the other hand, the possibility of the direct interaction of the two cell contents 
through anastomosis to cause the melanization seems to be plausible. The fusion of 
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the hyphae of t2-1A and t2-4A were actually observed on a narrow strip of the 
Westergaard’s agar on a slide glass by the method employed by Garnjobst (1956). 
After a minute or so, the part of hyphae fused were granulated and in nine out of 
ten cases these granules went toward the side of t2-4A (Fig. 2), which is to be 
pigmented. Although it could not 
be assured that the granulated 
part was actually melanized on 
the thin film’ ‘on a ‘slidey glass, 
it seems probable that the melani- 
zation is the reaction caused by 
the direct mixing of the cell 
contents of the two strains. 

In order to gain a clue to know 
the physiological significance of 
the melanization, heterocaryons 


were made between the two Fig. 2, Granulation of the cytoplasm in the 


strains. Nutritional requirements hypha of t2—4A which fused with the hypha 
were introduced by the irradiation of t2—1A. The arrow shows the point of fusion. 
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Fig. 3. Growth of heterocaryons. The Staitiss t22) and 12° were 


derived from t2-1A, and h5 and h8 from t2-4A. 


of ultraviolet light to the conidia of t2-1A and t2-4A. From the t2-1A, pantothenate- 
requ ring (f22) and nicotinic-requiring (£25) strains were isolated and from t2-4A, 
methionine-requiring (h5) and nicotinic-requiring (h8) strains. The strains {25 and 
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h8 are not allelic because they gave heterocaryotic growth on a minimal medium. 
Heterocaryotic growth was determined by using the growth tubes described by Ryan 
et al. (1943). The results are shown in Fig. 3. The heterocaryons between the two 
mutants originated from the same strains, f22+f25 or h5+h8, grew as well as the 
original strains. But the heterocaryons between the two mutants originated from 
different strains showed irregular growth. Furthermore, the isolates obtained from 
the end of the growth tubes did not grow on a minimal medium. ‘ates. aula 
growing hyphal tips are composed of only one kind of component nuclei. 


Discussions and Conciusions 


As it is reported in the previous paper, if two wild type strains, which do not 
show a detectable tyrosinase activity separately were cultivated together in the same 
Westergaard’s medium at 25°, the resulting mycelial homogenates in certain combina- 
tions gave very strong tyrosinase activity. In the experiments reported here, the 
melanization reaction between the two strains, carrying the same mating type, was 
visualized on the Westergaard’s agar plate. That is, the part of mycelium where the 
two strains touch and one side from this borderline turned brown to black with 
melanin. And the homogenate of this pigmented part gave a strong tyrosinase 
activity. The evidence could not be obtained that either of these two strains excretes 
diffusible substance(s) which act to melanize the other strain. On the other hand, 
observations of hyphae showed that the cells of the two strains actually fuse and 
the cytoplasms are mixed. After about one minute, many granules appeared in the 
cells and expanded their presence in the mycelium. So it seems probable that the 
melanization and the high tyrosinase activity are due to the direct interaction by 
mixing the two cytoplasms in the common hyphal cell. The nuclei of the two strains, 
the combination of which gave a melanization reaction, repel each other, as shown 
in the heterocaryon experiment. It may be possible, therefore, that this incompa- 
tibility reaction causes the granulation and melanization of the cytoplasm. 


Acknowledgment 


The author expresses his hearty thanks to Prof. H. Kikkawa for his encourage- 
ment and good advice in the course of these studies. 


References 


1) Garnjobst, L., and Wilson, J.F., Proc. Nat. Acad, Sci. 49: 613° 956) 2) insch st alVie 
Physiol. Plantarum 7: 72 (1954). 3) Horowitz, N.H., and Shen, S.—C., J. Biol. Chem. 197: 
513 (1952). 4) Kuwana, H., Ann. Rep. Scient. Works, Fac. Sci. Osaka Univ. 4: 117 (1956). 
5) Ryan, F.J., Beadle, G.W., and Tatum. ae eA mia Bota OERiOs (1943). Schaeffer, P., 


Arch, Biochem, Biophys. 47: 359 (1953). 7) Westergaard, M., and Mitchell, H.K., Am. J. 
Bot. 34: 573 (1947). 


Karyological Studies in Saccharomyces 


by Akira YuAsA* 
Be WS ao Re LORIE 


Received Jnne 9, 195 


Oo 


Though many investigations have been made on the nucleus and mitosis in 
Saccharomyces, they have not come to any conclusion. While Fuhrmann (1906) and 
Kater (1927) advocated mitosis, but, on the other hand, Guilliermond (1902) and 
Beams, Zell and Sulkin (1940) reported amitosis in Saccharomyces. The present author 
has already reported mitosis in S. cerevisiae corporated with Sinot6, and thought that 
the haploid number of the chromosomes was four (1946). 

Recently Subramaniam (1946, 1947, 1948, 1952 etc.) observed two big chromosomes 
in Saccharomyces and discussed actively against Winge (1951). 

Lindegren (1950, 1951, 1956) and Lindegren and Rafalko (1950) observed spindle 
outside of the vacuole, in which centrochromatin was seen. When the mitosis began 
the centrochromatin went out into the vacuole and became chromosomes. So they 
recognized the vacuolar nucleus of Wager and Peniston (1910), but Royan (1956) 
confirmed the fact that vacuoles could not be seen in some cases. 

Yoneda (unpublished) showed the nucleus of Saccharomyces by Feulgen’s nucleal 
staining, and supposed four chromosomes in haploid besides the vacuole. 

Recently many investgators have reported, using Feulgen’s reaction or Giemsa’s 
staining, and confirmed the true state of nucleus, but their opinions do not coincide, 


So it is necessary to critisize and bring various opinions into unity. 


Materials and Methods 


The materials studied are Line 8656 (haploid), 396, 7111, 7228, 7453 and 17807 
(haploid). They are cultivated, using Lindegren’s nutrient-solution, Ogur’s solution 
and Czapek’s sol. The cells were observed vitally or observed after fixation and 
staining. The fixatives used were Hilley’s solution, Carnoy’s fluid, Nawashin’s solu- 
tion or others. The staining solutions were aqueous solution of Gentian violet, iodide 
iodine, eosin, sudan III, haematoxylin, fast green, neutral red, toluidine blue, tetrazo- 
lium, Janus green, acid fuchsin and others. They were also stained by Feulgen’s 
method or Giemsa’s staining method. Perchloric acid was also used to take off RNA. 
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Results 


Nucleus 

When stained with haematoxylin, a small body which has been called as centro- 
some by Lindegren (1952) is seen near the vacuole. 

This body has been later called as spindle by Lindegren, Williams and McClary 
(1956) (Microphoto. la). 

Lindegren and Townsend (1953) saw a crescent-formed centrochromatin in the 
spindle and lately described it as a star-formed chromosome (Lindegren, Williams and 
McClary 1956). In the present study whena yeast-cell was fixed with Carnoy’s fluid, 
Pane perchloric acid (10%) and stained with Giemsa’s method a centrochroma- 
tin was also seen in the nucleus (Fig. 1c). Sometimes the nucleus disappeared, 
leaving centrochromatin, or was stained lightly homogeneously. This showed that 
sometimes the ground substance of the nucleus was destroyed, leaving centrochroma- 
tin only, or both the nucleus and centro- 
chromatin were destroyed and the sub- 
stance of centrochromatin diffused in 
the nucleus. 

Sometimes the nucleus shows 
spiremes in its interior, according to 
the fixative and staining solution used 
(Fig. la,b). The status of the nucleus 
changes not only according to the fixa- 
tive and staining method, but also the 
developmental stage. 

But, by the Giemsa’s method the 
portion of the centrochromatin other 
than DNA is also stained as deeply as 
DNA. So, by this method stained bodies 
are also seen in the vacuole. Sometimes 
Feulgen’s stained bodies are also seen 
in the vacuole, but these bodies are 
Fig. 1. The process of mitosis in S. cerevisiae, thought to be aldehyde other than DNA. 


schematically shown. xca. 3,600. a, nucleus 

shows spireme in its interior. b, nuclens shows In the vacuole there are often seen 
two chromatin-threads. c, nucleus shows thread-like or bar-like bodies which show 
centrochromatin, d, prophase. Two chromation- 
threads are seen. e, metaphase. Two synaptic negative nucleal reaction. When the 
chromosomes. f, metaphase. Four chromosomes, centrochromatin disappears during the 
g, metaphase. Side-view. Chromosomes and 

spindle are seen. h, chromsomes, spindle and Course of nuclear devision, however, 
vacuole are seen. i, anaphase. j, telophase. = Pe ae : : 
k,l, two daughter nuclei. ae of the Hautes pene appears chromosome-like bodies in 
nuclei enters into the bud. n,o, the mother- the vacuole which show Feulgen- 
cell and the bud have one nucleus, respectively. ae : ee 

p, completed bud, having one lees and sae positive nucleal reaction. So it is Whe 


vacuole. sumed that the round body which con- 


m 
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tains the centrochromatin is the true nucleus and that the nucleus changes into 

chromosomes at the stage of prophase as reported by Lindegren (1945) and Lindegren, 

McClary and Williams (1955). But the chromosomes appear a the area of vacuole 

as if the latter contains the former. In the vacuole, however, there are thread-like or 

ae bodies which are stained with either Giemsa or haematoxylin (Microphoto. 
ep 


Vacuole 
In,some stage of development the vacuole is not seen, but usually there is one 


large vacuole in the yeast cell. The yeast cell which shows no vacuole is also ob- 
served by Royan (1956) and Lindegren (1949). 


a 


Microphoto. 1. a, the so-called spindle (S) and vacuole (V) are seen. x ca. 1,500. 
Fixed with 0.5% acetic acid. b, the so-called chromosomes (NV) in the vauole. 
x ca. 4,500. Fixed with Flemming’s solution and stained with Giemsa’s solution. 
c, true nucleus (N) and vacuole (V). Fixed with Flemming’s solution and stained 
with Heidenhain’s haematoxylin. x ca. 3,000. 


When stained with Giemsa or haematoxylin both the chromosomes and the 
thread-like or bar-like structure in the vacuole are all stained in the same place of 
the cell. So it seems that the chromosomes are also in the vacuole. The thread- 
like or bar-like structure in the vacuole, however, shows negative Feulgen’s reaction. 

When stained with 1% aq. solution of neutral red several bar-like structures are 
se2n in the vacuole and some of them are thought to be same with the structure 
which is stained with Gieamsa or haematoxylin. 

Stained with toluidine blue solution (pH. 11) bar-like bodies are seen in the vacuole. 
They are paired bodies as reported by Townsend and Lindegren (1953). Townsend 
and Lindegren (1953) thought them to be the crystalloid formed from toluidine blue. 

Accordingly the present author thinks that there are three kinds of structures 
in the vacuole, namely; a) nucleolus-like body, b) toluidineblue stained body, c) 
neutral red stained body (some of them are also stained with Giemsa or heama- 


toxylin). 
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Nuclear Division 


With Giemsa’s Solution almost all the structures in the vacuole are stained and 
also the chromosomes are stained. The Feulgen’s nucleal staining stains only chromo- 
somes. In the case of Feulgen’s staining, however, the vacuole is destroyed, so it 


el 


g h a nue 
Microphoto. 2. a-d, fixed with Flemming’s solution stained 
with haematoxylin. e-h, fixed with Carnoy’s fluid, stained with 
Giemsa’s solution. a-d, xca. 900. e,f, xca. 900. g,h, xca. 1,800, 
a, chromosomes are seen on the vacuole (arrow shows). b, spindle 
and chromosomes are seen. No vacuole. ¢, chromosomes spindle 
and vacuole are seen. d, two nuclei after mitosis are seen in the 
Same cell. e, one of the daughter nuclei enters into the bud. f, the 


Same with e. g, mitotic figure overlapped on the vacuole. h, chromo- 
Somes are distinct on the vacuole. 
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looks as if the chromosomes are contained in the vacuole. 


At the beginning of the nuclear division the crescent-shaped centrochromatin 
changes into chromosomes and appears in the overlapping place of the vacuole. The 
various bodies in the vacuole stain, depending on the staining method. Therefore, 
at the first glance, it seems as if there are many chromosomes in the vacuole. 

The centrochromatin changes, at first, into rod-shaped chromosomes and then 
four chromosomes in haploid line (Fig. 1d,f). Sometimes, however, four chromo- 
somes appear, conjugating two by two (Fig. le). 

After the nuclear division two nuclei are seen in a yeast cell, one of which enters 
into a bud. The ground substance of the nucleus which was called as spindle by 
Lindegren, Williams and McClary (1956) changes into spindle in which the chromo- 
somes are seen, but the spindle is seen only with difficulties (Fig., g, h). 

In some cases the spindle is seen clearly and at each pole of the spindle, how- 
ever, there is no centriole which has also shown by Lindegren, Williams and McClary 
(1956). But, it may be seen in some cases by adequate techniques. 


When one daughter necleus enters into the bud, the other nucleus remains near 
the former as shown by Sinot6 and Yuasa (1941). At the critical phase when the 
one nucleus enters into the bud, it shows a dumb-bell shape. 


After the two nuclei have been completed, the spindle again becomes clearly and 
one portion of the spindle enters into the bud. By the aid of the spindle one daughter 
nucleus enters into the bud. After or before this process a new vacuole appears in 
the bud or some portion of the mother vacuole is divided into the bud. 

The two daughter nuclei which have resulted from mitosis show homogeneous 
structures, but after one nucleus has entered into the bud every nucleus shows the 
crescent-shaped chromatin-material. 

At the prophase of mitosis the centrochromatin changes into spireme-structure 
and sometimes two chromatin-threads (Fig. 1b). At the metaphase 4 chromosomes 
are seen in the nuclear area which overlapped on the vacuole (Fig. 1g,h). In this 
stage the spindle cannot be seen, but it appears again after two daughter nuclei 
have been completed and act to introduce one daughter nucleus into the bud. 

In some cases only 2 chromosomes are seen in the metaphase of mitosis in 
haploid line. This is thought to be owing to the fact that four chromosomes con- 
jugated two by two (Fig, le). 

After mitosis one of the daughter nuclei enters into the bud and shows amitosis- 
like figure at that time (Fig. 1m). This fact has already been observed by Sinoté and 
Yuasa (1941) in S. cerevisiae. 

Various figures of mitosis have been gotten, using various fixatives and staining 
solutions, but the principle of mitosis is same in all the cases. 

The text-figure 1 shows the main features of mitosis in S. cerevisiae (ref. 


Microphoto. 2). 
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Discussion 


In the resting stage of the yeast cell Lindegren (1952) observed vacuolar nucleus 
and centrosome which he (1956) later called as the spindle. In the spindle, Lin- 
degren, Williams and McClary (1956) saw the chromatin material as network of small 
fibers or condensed rods. The present author saw crescent-shaped or rod-shaped 
chromatin in the spindle which showed positive nucleal reaction and was stained with 
Giemsa’s stain somewhat thick, because Giemsa stained not only DNA, but also protein. 

The present author thinks that the so-called spindle is the true nucleus in 
which centrochromatin changes into spiremes or two chromatin threads in prophase 
At the metaphase, the ground substance of the nucleus changes into spindle as in 
the cases of higher plants. So the term spindle is not inadequate to call the ture 
nucleus. The two chromatin-thread in the nucleus was observed by Townsend and 
Lindegren (1953) and Townsend (1956) showed a positive reaction of the true 
nucleus. According to Townsend and Lindegren (1953), focussing through the cell 
reveals that the centrochromatin is actually a cap covering part of the centrosome 
and maintaining contact with the vacuole. 

The present writer saw chromatin-material in the nucleus, which is maldistributed 
to be crescent-shaped centrochromatin. 

Lindegren, McClary and Williams (1955) studied on metaphase in the yeast-cell 
and observed volution-coated chromosomes which appeared purple without the filter 
by Lindegren’s volution-stain. The size of the chromosome may be different ac- 
cording to the staining-method which stains various portions of the chromosome. 

Summarizing the results of various investigations, Royan (1956) recognized the 
true nucleus outside of the vacuole. He also saw two chromatin-bodies in the 
nucleus, which were also observed by the present writer. 

As stated above the size of chromosomes is different according to the method of 
fixation and staining, so the figure which is called chromosomes is different according 
to the study-method. The two chromosomes which have been observed by Subramaniam 
(1951) are thought to be the chromosomes which are composed of Feulgen-positive 
chromatin material and of the other protein. Winge (1951) opposed against the 
Subramaniam’s idea. 

At the stage of mitosis the nuclear membrane disappears and chromosomes which 
are Feulgen positive appear. At the same time the vacuolar membrane often dis- 
appears, so the chromosomes look as if they exist in the vacuole. The chromosomes 
which have been observed by Lindegren, McClary and Williams (1955) are thought 
to be the conjugated structure of the true chromosomes and the intravacuolar bodies. 

The number of chromosomes is four in haploid phase. Sometimes four chromo- 
somes conjugate and become two. They show Feulgen positive reaction. The two 
conjugated chromosomes are recognized also by Subramaniam 1952): 


In the vacuole there are various bodies which are stained by various staining 
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dye solutions. Some of them are stained with toluidine-blue solution and some with 
neutral red solution. Sometimes true chromosomes are stained together with the in- 


travacuolar bodies. In this case it seems that there are many chromosomes in the 
vacuole. 


Summary 


1. The vacuole appears according to the condition in which the yeast-cell exists. 
2. In the vacuole there are nucleolus-like body, toluidine-blue stained bodies and 
neutral red stained bodies. They are recognized when adequate staining method is 
used. 

3. The nucleus is attached to one side of the vacuole and contains centrochroma- 
tin which changes into chromosomes in mitosis. 

4. At the prophase of mitosis the centrochromatin changes into two chromatinic 
bodies. Sometimes the nucleus shows spireme in its interior. At metaphase the nucleus 
changes into four chromosomes which sometimes conjugate two by two. 

5. At the metaphase the chromosomes appear in the spindle which is situated 
on the surface of the vacuole. So the chromosomes overlap on the intravacuolar 
bodies. 


The writer wishes to express his cordial thanks to Mrs. Masako Osumi, Miss 
Hiroko Nakamura, Miss Akiko Kubo, Miss Kyoko Omura and Miss Reiko Nasu 
for their assistance throughout this study. Thanks are also due to Dr. Hiroshi lizuka, 
Institute of Applied Microbiology, University of Tokyo, and Mr. Takeshi Tabuchi, 
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materials. 
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On the Artificial Pollen Grain Germination of Zea Mays L. 
by Atsushi KuBo** 
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Received March 12, 1958 


It has generally been known that the pollen grains of Graminae?.19.16).20), as well 
as those of Ericaceae and Compositae®”). 16, do not germinate well on any of artificial 
media. In Zea Mays, however, there are some reports; by Pfundt!) 20~30% 
germination on 10~30% sucrose-0.7~1.0% agar medium, by Andronescu) 20%, by 
Sasaki!4) 4.994, by Knowlton” 6.2%, by Tabata! 49.7~62.6% and by Gotoh? 55.02%. 
Gotoh”? exposed pollen grains for 1.5 hours in the air and obtained better result of 
89.3%. But the author was less successful in the same methods as theirs. Nakayama? 
maintained that the results by Tabata and Gotoh2, who had taken swollen pro- 
boscides as an early stage of pollen tube development, might not be enough for 
the observation on Graminae pollen, because in these plants the appearance of 
swollen proboscides did not indicate germination. Whatever plants the author 
might study, he counted only the pollen grains with developed pollen tubes as 
germinable ones and excluded the ones with swollen proboscides. On 20m thick layers 
of gelatin medium which could control quantity of water suitable for pollen germina- 
tion ?6),7).8),12),1318), the author observed high germination rates in the pollen grains 
of Ericaceae, Compositae and Triticwm vulgare®®). So the author tried to germinate 


pollen of Zea Mays on the 20 thick layers of gelatin medium. Results are in the 
following. 


Material and Method 


The native common flint corn was cultured in the field of Fukuoka Liberal Arts 
College in 1954. About thirty seeds were sown monthly from March to November. 
The earliest cultured plants flowered in July. The germination experiments of 
pollen grains were carried out from that time to the end of the year. 


Experimental results 
In the morning fresh pollen grains were collected in the field, kept in Petri 
dishes and were sown on the layer of medium. 


Exp. 1. On agar medium. On agar medium the author could not get good results 
enough to be denoted in a table. During Oct. 4~18 (ay. temp. 19.6°) the average rates 
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of germination in 6 days were 7.2~17.9% (av. 12.4%) on lean agar of 0.5~3.5%, and 
20.6~32.1% Cav. 24.69) on agar with 5% sucrose. Variation of agar concentration did 
not affect the germination, even though addition of sucrose was slightly effective. 
On some occasions in October no pollen grains germinated, while on other occasions 
as high as 40.3% of them germinated. Such high record was not obtained before 
October. In December no pollen grains germinated. 

Exp. 2. On gelatin (manufactures of Yasu Co.) medium. During Oct. 4~14 
(Table 1) on the 20u thick layers of 10~40% gelatin the highest germination rate 
was 79.5% (av. 50.6%). Addition of sucrose was fairly effective on the germination: 
with 5% sucrose the highest germination rate was 89.1%. On thicker layers any grain 
was hardly able to germinate; the good results were obtained only on the 20m thick 
layers. The 20m thick layers of 20~30% gelatin with 5~25% sucrose, gave specially 
good results. 


Table 1 Germination percentages on sucrose-gelatin of wide concentration ranges. 


Concentration of Date and air MEAD Og hal Gelatin 
cada Oct? 45 7 10 14 av. : 
210 20° 19° 18° 2990 concentration 
0% (ise) TES SE Se ees} 50.6 10~40 % 
5 % OfeG) 209. Gor 9) 55.9) 1858 (}5)5 | 
5~ 25% 94.2 88.0 63.6 56.1 22.6 64.9 20 % 
5 grades 99. 98.6 70.9 40.6 7.6 63.5 30 % 
av. 89.8 88.8 70.3 46.1 10.8 
As denoted in the Table 2, 100% or special good germinations were recorded om 
Oct 47and 5, 
Table 2 Do. on the good medium in October. 
Concentration of Concentration of sucrose (%) 
pela ome atts 5 08 15 25 av. 
| 
Oct. 89.3 100 81.9 100 100 94,2 
20 % Oct. 64.5 92.7 100 eile) Wane 88. 0 
Oct. 4 100 100 100 100 98.0 | 96.6 
30 % Oct.5 | 100 98.0 95.0100 100 98. 6 


As shown in Table 1, germination was more difficult in the middle of October 
(10.8%) than in the early October (89.8%). On Nov. 29 the results became worse 
as shown in the Table 3. 

Table 3 Do. on the good medium on November 29. 


20 30 


Gelatin % 


25 20 15 10 5 29 20 15 10 5 av. 


Sucrose % 


Lab.(air temp. 15°) | WG) PEG NOLO Wsik —W — iiKoees) 68.6 12.8. 15.4 31.2) 6.0 \26.8 
Green house (20°) Rim eee els 0) 0 6.1 A (2 OW Bio WSO eisai! 
Incubater (24°) OG Gal Othe TW 3.4 foe Ise Os 7%58° BsB\| ORE: 
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The author, however, obtained 100% germination by increasing the amount of 
sucrose in the medium up to 40%. On the medium of 30~35% gelatin with 25~40% 


sucrose, 100% germination was observed. 


Table 4 Do. on the best medium on December 1. 


| Gelatin % | 30 a8) 40 


| Sucrose % AO: 35. 300 Wav, (30 925 204 lawl 25% 207915" 10 “5 fay.) 


Lab. (air temp. 14°) 100 96.0 78.5/91.5)100 100 93.8)97. 9 ayer easy IE PSI Ns). | 1). TL 


Green house (20°) 100 100 90.7/96.9) 76.4 63.6 98.2/79.4 23.6 12.8 26.5 18.3 0 16.2 


| 


Incubater (24°) 3.8. 6.5 4.3] 4,9]. 6.0» 26.3 12,1)14.8) 4:8».9.8.4.5)12.6 Oy\4.21 


After that severe weather damaged pollen grains and no pollen grains germinated 
even on this best medium. 

Exp. 3. Effect of pH. The buffers used for the experiments were prepared 
by mixing the following solutions: M/25 of phosphoric acid, acetic acid, boric acid, 
respectively, and N/5 sodium hydroxide. The results are shown in Table 5. 


Table 5 Do. with buffer reagent. 


Date Oct. 4 9, 10, 18 4 ff 12 16 
Medium Agar 1.8% Agar 2% Gelatin 4% Gelatin 20% 
pH Sucrose 5% Sucrose 5% Sucrose 5% Sucrose 20% 
Boe 4.0 0 0 0 0 0 
3h, (8) 0 0 0 0 0 0 
| 4.8 0 0 i732 0 0 0 
5.8 0 0 0 0 0 0 
6.8 0 0 0 2.0 0 0 
fats) Oil 0 0 18.5 0 0 

8.8 4.3 0 1.0 33.6 0 Oat 

9.8 ie 0 10.0 0.1 0 1.0 
10.8 1255 0 sf 0 0 0 
eter 0 0 (7 0 0 0 


When the medium containing buffer solution the germination rates were low 
either on agar or on gelatin even when sucrose was added. In the previous experi- 
ment 20% gelatin containing 20% sucrose was excellent, but in this experiment the 
buffer solution made this medium unsuitable for germinating. The higher the con- 
centration of gelatin medium became, the more the pollen germination was inhibited. 
That is, as the water content in medium became less, the germination will be inhibited 
more strongly by ions. Both agar medium and gelatin medium were somewhat better 


in alkaline reaction, because under this condition the colloidal medium will swell] well 


and get high swelling pressurel2.1219. The rise of swelling pressure of the medium, 


as well as the addition of concentrated sucrose, may effect better on germination of 
this pollen. 
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Conclusion 


The author studied the pollen germination of Zea Mays from July to December. 
The experiments in the summer did not bring good results, though the procedure 
described in the previous chapter was employed at that time. So no description was 


given in this paper. Just as it became autumn, the pollen grains produced at that 
season germinated on the artificial media. 


The best media were found as follows :— 


In October In November 
Gelatin 20~30 % Gelatin 30~35% 
Sucrose 5~ 25% Sucrose 20~40 % 


As the season became later the pollen grain germinated on the more condenced 
and stiff medium. It suggests that pollen grains become more strongly xerophilous 
as the season become later. Therefore, it may be considered that the pollen grains 
produced in summer are not xerophilous. So they may germinate on dilute and 
soft medium. Device by the author seemed to be not enough suitable for germinating 
such sensitive unxerophilous pollen grains. 
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Ecological and Physiological Studies on the Vegetation 
of Mt. Shimagare 


I. Preliminary Survey of the Vegetation of Mt. Shimagare 


by Yasuyuki OsHima*, Makoto Kimura*, Hideo Iwax1** 
and Sumio Kurorwa** 
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Mt. Shimagare (2395 m. above the sea) is one of the hills in the northern part of 
Yatsugatake dead volcano group, of which the highest peak is Mt. Akadake (2899 m.), 
in Nagano Pref., at a distance of 130 km. NWW from Tokyo. In the dark green of the 
gentle southwest slope of Mt. Shimagare covered with subalpine coniferous forest, several 
whitish stripes horizontally running in parallel with each other can be seen in a 
distant view so distinctly that the mountain has been named “mountain with dead 
trees strips” according to its conspicuous physiognomy (Photo. 1, 2 and Fig.1). The 
vegetation consists of several forest units, each of which has a serial arrangement 
from very young tree offspring in higher part up to overmatured and dead trees 
of Abies Veitchii and A. Mariesii in lower part, just as the natural image of Wagner’s 
border cuttings! (Fig. 2). The whitish stripes are the dense stands of dead tree 
trunks of these conifers (Photo 3), and they will shift upwards in decades. 

Okubo!®, Yoshida and Yamanouchi!2) have already surveyed the forests from the 
view- point of forestry. They collected a lot of preliminary informations on the size, 
density and growth of trees, and tried to discuss the origin and shifting of the dead 
trees strips, though rather speculatively. Therefore, these problems might be well 
worthy of more precise ecological and physiological investigations into the origin 
and maintenance of such forest unit arrangement, especially on the basis of the dry 
matter production” of the trees, because these investigations will bring many new find- 
ings about natural features of intra- and interspecific competitions and of plant succes- 
sion, of which fundamentals have been studied theoretically and experimentally by 
the authors and their co-workers®,5),®,7, and about the climax vegetation in the 


subalpine of central Japan. 


* Department of Biology, Faculty of Science, Tokyo Metropolitan University, Setagaya, 
Tokyo, Japan. Shabir A AEE ees a 
** Botanical Institute, Faculty of Science, University of Tokyo, Hongo, Tokyo, Japan. igi 
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In this first report, the results of the preliminary survey of the vegetation in 
1957 will be discussed, referring to the papers of Okubo and of Yoshida and Yama- 
nouchi before entering further the ecological and physiological studies on the vegeta- 


tion and on the growth of the trees. 


1. General features 


The subalpine coniferous forests of Mt. Shimagare mainly consists of Abies Veitchii 
and A. Mariesii, being mixed with Picea jezoensis var. hondoensis, Betula Ermaniand 
Sorbus sp. Such vegetation has been nominated by Nakano after his detailed studies 
on the vegetation of Mt. Yatsugatake and others, as Betuleto Ermani-Abietetum Veitchi 
association of a wide distributing Betulion Ermani alliance in subalpine coniferous 
forests in Japan. More strictly the vegetation of Mt. Shimagare will chiefly be 
classified into Pteridophyllosum sociation characterized by an obligate shade plant 
Pteridophyllum racemosum, of a subassociation Mariesetum in the association. On the 
southwest slope (10°-20°) where the dead trees strips develop, the forests seem to be 
rather a consociation of the two Abies species, as Betula and Sorbus are scarcely 
mixed in the forests. The Abietwm on the northeast slope (20°-25°) has a considerable 
number of old trees of Betula Ermani and other deciduous species mixing. 

Temperature and precipitation in the region of Mt. Shimagare will be able to 
assumed from the meteorological data of Kirigamine (1925 m. above the sea, 12 km. 
NWW of Mt. Shimagare) in Table 1. The temperatures at 2250 m. above the sea 
(the lower limit of the dead trees strips) and 2395 m. (the top of the mountain) have 
been calculated with lapse rate of temperature between the two stations (mean lapse 
rate was ca. 7.1° against 1000 m. elevation). 

The temperature climate at Mt. Shimagare 
is nearly same as that of Poronaisk in Saghalin 
(49°12’ N ; min. -17.5° in Jan., max. 15.9° in Aug, 
MP ennagere mean ann. temp. 0.0°). The precipitation at Mt. 
Shimagare seems to be same as or probably some- 

what higher than that of Kirigamine because of 
higher altitude, and this amount may be enough 
or sometimes too much for tree growth under 
such low temperature conditions, comparing to 
that the annual precipitation at Poronaisk is 
only 750mm., at Quebec in Canada 1073 mm. 


ESS (mean ann. temp. 3.6°), and at Davos in Switzer- 
Fig. 1. Map showing the loca- land 994 mm. (1561 m. above the sea; mean ann 
tion of “dead trees strips” at Mt. t 9.R9 
Shimagare, which are corrected Sp 


with the -aerial photo of Geo: Throughout the year west wind prevails 
graphical Survey. on this slope of the mountain1®),12) causing 
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Photo 1. Mountains of the northern part of Yatsugatake. Left to right 


are Mt. Yokodake (2473 m.), Mt. Shimagare (2395 m.) and Mt. Chausu (2388 m). 


Photo 2 Subalpine coniferous forest on the southwest slope of Mt. Shima- 


gare, showing the “dead trees strips” 
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Photo 3. “Dead trees strips’? IV with thick vegetation of Abies Veitchit and A. 
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Table 1. Temperature and precipitation in the range of Mt. Shimagare. The 


temperatures at 2250m., and 2395 m. are extrapolated from the data 
at Kitayama and Kirigamine. 


Kitayama | Kirigamine Shimagare ; 
HEE 985m. | Da tae ee ees oa nin te 
ees 925 m. 2250 m. | 2395 m. 
mean air precipita- | mean air | precipita- mean air 
temp. tion temp. tion temperature 
(1916~40) (1897~1944) (1944~46) | (1944~46) (calculated) 
faa! 9} 1 hare 41mm, | —10.5° 23mm. |  —13.0° | 14,29 
Feb. —2.7 57 —10.7 59* —13.5 —14.7 
March 12 1 — 6.3 89 — 8.9 —10,1 
April | 8.0 104 0.9 130 — 1.6 | = 207 
May | PA 103 5.8 136 Bp) 2.4 
June deat) 172 Gia 194 Oh} 8.4 
July Pala! 178 14.4 240 2 il igh a 
Aug. | 20.6 117 ies 167 14.0 1333 
Sep. | 17.8 | 119 6 176 5) iS}, 
Ochs | i4 | 120 Gea) 283 4.5 3.8 
Nov. | 5.9 69 0.5 88 =A = he 
Dec. LZ 46 — 8.6 | 99 | —11.6 —13.0 
Annual Wee 1295 mm. Deis) 1683 mm. O22 — 0.8° 


*Mean precipitation in 1945~47; abnormally high precipitation of 579mm. was recorded 
in 1944, 
a slight deformation of tree crowns, and high humidity can be expected for the sake 
of thick fog which usually envelops the mountain. 

The soil of the forest permits only shallow root development of the trees in a 
thin layer of brown loam of 30-40 cm., which is covered with mosses, debris of needles 
and humus. Under this loamy layer there exists a layer of large gravel up to 60- 
80cm. depth on unweathered andesite rocks. Any speciality of substratum was not 
recognized at the dead trees strips (cf. also Yoshida and Yamanouchi 1955). 


2. Structure of the forests and the dead trees strips 


As mentioned above, the Abies forest on the southwestern slope of Mt. Shima- 
gare can be separated into several forest units which are imbricating with each 
other. A forest unit consists of young tree growth in the upper part, of mature 
trees in the middle, and of overmatured ones in the lower part, ending in a dead 
trees strip. About six dead trees strips (Fig. 1), of which width is ca. 10m., and 
length 300-800 m., are running on the slope along contour lines, almost in parallel 
with each other at intervals of about 100m. The lowest dead trees strip (VI) situates 
at the 2250 m. above the sea, anda part of the highest strip C1) reaches the mountain 
top of 2395m. and these areas fall in the natural distribution range of these Abves, 
as Imanishi2 reported that the distribution range of A. Veitchii in the northern 


33 


95 


204 ee ee ee Ee 


Japanese Alps is 1636-2337 m. and that of A. Mariesii 1965-2550 _ The mixing pro- 
portion of A. Mariesii increases gradually towards the mountain top, at the cost of 
decreasing of the number of A. Vertchit. 

In order to study the structure of the forest unit more precisely, two transects 
of about 250m. long were laid down along the southwest slope, with an interval of 
30 m., across the middle of the dead trees strips HI, IV and Va. Quadrats of 1m. x 
1m. were employed at the younger tree stands because of dense and fairly homo- 
genous growth, but in the older tree 
1" stands, branch transects of 5m. x 100 1m. 
perpendicular to the main transects or 
parallel to contour lines were adopted 
to get average values- from the forest 
stands where the mature and overmature 


trees of larger size distribute rather 
heterogenously. The followings were 
measured in this investigation: density 
of yearlings and trees, height of plants, 
diameter breast high (over 3cm.) or basal 


NUMBER OF TREES PER AREF. 


diameter (on the tree smaller than 3cm. 
d. b. h.), diameter of crown, etc. Some 
standard trees also were selected from 
each plot for stem analysis, etc. (Tab. 3). 
The profile chart of the vegetation on 
Transect I (West) in Forest Unit III-IV 
PLOT No. is illustrated in Fig. 2, and the main 


Fig. 3. Change of tree densities a- results of Transect IH (East) are summa- 
gainst descending the slope. Open cir- rized in Table 1. 
cles show the data from Transect II and 
filled ones those from Transect 1. Vertical ; . : , 
lines correspond to the location of “dead descending the slope in a forest unit 
trees strips” III and IV. are the increase of age and height. and 
the decrease of number of trees. At the dead trees strips there occurs the regene- 


ration of young thick growth of Abies Veitchii and A. Mariesii. 


Remarkable changes along with 


This young mixed 
growth continues beyond the dead trees strip upwards to the seedlings under the 


canopy of the upper forest unit, as the germination of Abies trees and the establish- 
ment of the seedlings are going under the matured Abies trees at the in-between of 
the dead trees strip and another upper one. Downwards out of the forest canopy, the 
trees increase their heights and ages but decrease their density, forming a new lower 
forest canopy with mature and overmature trees. Then comes another or lower dead 
trees strip. The number of young growth increased in the seedling and very young 
tree stage with increase of plant age or downwards on the slope (see Fig. 3 and 
Tab. 2). After reaching the highest density at somewhat high above the upper dead 
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Table 2. Change of the densities of Abies Veitchii and A. Mariesii on Transect 
II (East) acrossing the middle of Forest Units III, IV and Va. The 
“suppressed” trees have their crowns clearly under those of “ canopy 
trees,” but they are distinguished from young growth in their mor- 
phology as well as in supposed age. The mark « shows the position 
of the “dead trees strip”. 
Harece Situation iret +. 4 & No. of trees per are 
Plot | Canopy tree Young Sup- Dead 
tink m. = = trunk 
rial No. | A. Veitchii | A. Mariesii| Total | growth | pressed | standing 
O~5 40 28 12 40 1534 — 44 
10~15 39 32 32 64 4030 4 12 
20~25 ee 20 16 36 6866 24 24 
= 25~30 a 8 2 20 3200 60 8 
* 30~35 = 1750 400 2150 a — 200 
+} 35~40 2 850 350 1200 so = 1500 
40~50 36 — 358 
90~60 ah 83 350 
| 60~70 34 25 250 
70~80 33 i 68 
80~90 32 16 44 
Iv 90~100 31 20 36 
100~110 30 12 12 
110~120 29 — 52 
120~130 28 8 36 
| 
* 130~140 27 500 780 1280 _- —_ 180 
*| 140~150 26 HTD 450 1025 _- — 112 
150~160 | 25 | 175 137 32 — 1A, 200 
160~170 24 50 75 25) — 12 150 
170~180 23 48 48 96 —~ 20 64 
180~190 2D asl 8 24 Bo — 16 28 
190~200 21 8 12 20 — — 12 
V 200~210 20 16 16 32 a — 28 
210~220 19 12 16 28 2600 -- 20 
220 ~230 18 4 16 20 4890 — 6 
*| 230~240 17 -— 2 2 1647 — * 
*| 240~250 | 16 = = si oe) = 


trees strip, the growing trees diminished in their number rapidly towards the lower 
dead trees strip with a constant decreasing rate, except for in a stable state. of 


overmature stands. | | 

Change in age, tree diameter and height in the forest unit IV with the descen- 
The mean height of young trees just in the 
dead trees strip III was 1m. or less, and the mature tree at 60-70 m. downwards from 
the strip III, reached a maximum height of 10.3m. After Yoshida and Yamanouchi,}2) 


ding the slope will be seen in Table 3. 
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Table 3. Age, diameter breast high, and height of standard trees in Forest 
Unit IV. Plot Nos. correspond to those in Table 2. 


Abies Veitchit Abies Mariesit 
Plot No. i Age aa ip | Age Heck . as 
36 17 0. 96 18 = 1.05 
35 3 2aG De Mf 29 22 2.05 
34~33 41 4.8 3.76 41 4,4 3. 70 
32 61 iad! 6. 40 64 | es, 6. 00 
30 73 10.4 (A 78 | 9.2 (Ao 
28 86 14.0 9. 60 70 14.0 10. 10 
Dif 83 14a 10. 33 97 14.6 ORS 


the maximum heights of trees are different with altitude of the slope where the 
trees are standing, e. g. at the forest unit II (2380 m.)-it was 7.6m and at the forest 
unit VI (2250 m.) 13.4m. However, comparing to the normal growth of Abies of 20- 
25m. high on better sites, the growth of the trees on the southwest slope of Mt. 
Shimagare seems to be generally worse. The maximum diameter breast high of 14 
cm. also seems to be obviously too small in comparison with that the mature trees 
have sometimes trunks of over 60cm. d. b. h. in better sites. Mean maximal crown 
diameter of 5.5m. was observed on the trees just matured standing in the plots at 
30-40 m. above the dead trees strip (See Fig. 1). The overmatured trees above 10 m. 
upwards of the dead trees strip have rather smaller crown diameter of 2.5-3.0 m. 

In general, the vigorous regeneration of the overpopulated young trees of both 
the Abies species!2), and the undersized mature and overmature trees are the character- 
istics in the forests on the southwest slope of Mt. Shimagare. 


3. Weight of leaves, branches and trunk 


On the several standard trees selected in various growing stages, the dry weight 
of each organs, such as leaves, branches and trunk, except for root system, were 
measured respectively, because the leaf amount determines the light condition on the 
forest floor which plays important role in the direction of plant succession, and the 
ratio between leaves (=photosynthetic system), and branch, trunk (and root) (=non- 
photosyntheic system) is an important measure for the carbohydrate economy in 
plants or consequently for growth of trees.4),5) 

Descending the slope or with increase of tree age, the dry weight of leaves on 
a standard tree increased, and it reached its maximum of mature tree with gradual de- 
crease of increment rates (Fig. 4). About 2.8 kg. per plant was obtained as a maximum 
in A. Mariesii, and 1.8 kg. in A. Veitchii. The overmatured tree just above the dead 
trees strip bore a very small deteriorated crown on its top, and its leaf weight was 
nearly half of the maximum in the just matured tree. On the contrary the total 
weight of bole and branches increased steadily with age of tree (or downwards on 


the slope). Therefore, the ratio of non-photosynthetic system increases with age 
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of tree, e. g. in younger trees the io” 
ratio is only 3 (Maviesii)-5 


(Veitchii), in mature ones about 5 
(Mariesii)-10 (Veitchii), but in over- 
matured ones 19 (WMariesii)-24 


(Veitchit). This suggests that the 


Za 
-~ DERIAL PART 


balance between photosynthesis and 


respiration becomes worse with 
overmaturing up to the death of 


trees: 


g. DRY WEIGHT PER PLANT 


Also it should be mentioned 


here that the weight of leaves in 
A. Mariesii always exceeded that of 
A. Veitchii in the same age or in 
the same plot number, in spite of 


that no difference was recognized 


in the weight of aerial part between ae AO eni 


two Abies species. Therefore, the / Bees Manlecti 


ratio of non-photoynthetic system to 
photosynthetic one is larger in A. 


Veitchu than another Abies through- Te) | Se ee 


35 ENE) =) 29 iG 
PLOT No. 


Fig. 4. Change of dry weight of 
needles and of total aerial part of the 
Light usually influences upon standard Abies trees in Forest Unit IV. 


out the whole ages. 


4. Light intensity in the forest 


the natural regeneration of forest, 

as one of the most essential factors. Therefore, relative light intensity was deter- 
mined with two photometers (Toshiba No. 5), a photocell of which was fixed at a 
considerable height over the young canopy at an opening in the dead trees strip to 
get the full light intensity, another was moved along the main transect I under 
the canopy of the forest unit IV. Those measurements were done under cloudy skies 
to get the values which respond to the structure of the forest canopy®. Average 
value of ten observations is shown in Fig. 6. 

Under the young growth at the dead trees strip III the relative light intensity 
was 7-25 %, but only at 10m. downwards there came a minimal intensity of only 
1-6 %, in average 4%, under the thick vigorous growth of over populated young 
Abies trees. Hereafter the light intensity under forest canopy increased quite slowly 
as far as 30m. upwards from the dead tree strip IV. The average light intensities 
‘under such a mature tree canopy were 7-11 %. In the overmatured tree zone abrupt 
increase of light intensity came with the deterioration of the tree crowns. At the 
dead trees strip IV, the value observed just upon the canopy of young growth of the 
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Forest Unit IV. 


forest unit V was 25-85 %, in average ca. 42 %, but under the canopy low illumina- 
tion of 13 % was obtained. Young succeeding growth, or establishment of seedlings 
started with low density under the somewhat immature tree stands of Abies (Plot 
No. 33), in the illumination of about 10%. The density of the tree offspring in- 
creased rapidly with the growth of the plants or spatially in a short distance down- 
ward of the slope. The highest density came under the forest stand just over- 
maturing. As to the tolerance of young growth, particulary as to difference between 
that of A. Mariesii and A. Veitchii, further investigations will be expected. 

The light intensity in the plant community is mainly decided by the amount of 
leaves per unit ground area). The amount (dry weight) of leaves per are was, 
though very roughly, estimated from the data of leaf amount of each standard tree 
and the tree number per are (see Fig. 5). The value in the young growth at the 
dead trees strip HI was 32kg./a., but the value increased rapidly up to the maximum 
of 121 kg./a. at 10m. downward from that strip. Downwards of this area somewhat 
constant leaf amount of 86-105 kg./a., was prevailing. From 20m. upward from the 
strip IV the leaf amount decreased strikingly, and the value of overmatured stand 
just upward of the dead trees strip IV was only about 21kg./a. It may be recogni- 
zable that the light intensity under canopy and the leaf amount in the canopy have 
just opposing trends in the variations. This will be proved more clearly by the 


coincidence of the leaf amount calculated from the light intensities®,5) with the 


observed values mentioned above. The discrepancy between the two values at the 


youngest stage seems to be caused by interception of the vigorous growth of other 
herbs and shrubs in the herb stratum. 
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5. Undergrowth 


Frequency and dominancy of the undergrowth were investigated at 51 quadrats 
of lm. x 1m. along the transects, according to Braun-Blanquet’s general estimation 
method. Some results are briefly summarized in Tab. 4. Almost all of the 22 species 
obtained in the undergrowth of this forest were the common shade plants in the 
subalpine coniferous forest in central Japan. The highest dominancy and frequency 
were observed, excepting mosses, in Pteridophyllum racemosum which is one of the 
character species in Abietwm, and Nakano®),9) denominated such a sociation as 
Pteridophyllosum. However, the undergrowth species maintained in general rather poor 
dominancy because of low illumination under the canopy of the Abies trees and 
vigorous regeneration of young growth of the dominant trees. Total standing crop 
of undergrowth is, generally speaking, decided by the illumination prevailing over 
the undergrowth?),®. Therefore, there was almost no growth in the shade of 3-4 % 
light intensity under the thick young growth of tree species at 10m. downward from 
the dead trees strip III. With development of the forest, the obligate shade plants 
such as P. racemosum and Oxalis japonica arose but with low dominance. Only in 


Table 4. Frequency and dominancy of main species of undergrowth which 
included 22 species. The values were calculated from the data of 
51 quadrats of 1m.x1m. 


Species sie oro Dominancy 
Pteridophyllum racemosum 98 2~4 
Oxalis japonica 88 3 
Carex lanceolata 84 ak 
Cornus canadenisis 73 1~2 
Cacalia adenostyloides 63 1~2 
Rubus japonicus 61 12 
Majanthemum bifolium 59 1 
Pirola alpina | 43 oie 
Dryopteris sp. 75 1~3 
Mosses 96 3~5 


the place where the trees matured or overmatured and their crowns were somewhat 
or badly deteriorated, the vigorous growth of herbaceous or shrubby undergrowth, 
such as Cacalia adenostyloides, Carex lanceolata, Cornus canadensis Was expected, accom- 
panied by rapid development of young Abies trees. As to the species number in 
each quadrat, however, any direct relationship to the light intensities could not be 


recog nized?). 
Summary 


1. The subalpine coniferous forest on the southwestern slope of Mt. Shimagare 
in Nagano Pref., central Japan, is characterized with about six transverse “dead trees 
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strips” (width=10m., length=300-800 m., interval=100 m.) where a large number of 
dead tree trunks of the dominant trees, Abies Veitchii and A. Mariesii, stand or fall 
so densely that the strips are seen as whitish stripes in a distant view. 

2. The natural regeneration of dominant trees emerges under the canopy of 
mature trees in in-between of two dead trees strips. Vigorous young mixed growth 
of Abies species continues downwards beyond a dead trees strip of the covering canopy. 
Out of the canopy, the trees become larger and older, and they form a new canopy 
which consists of serially growing crowns, up to the overmatured and just dying 
trees of another dead trees strip at lower altitude. 

3. Plant density, ages, heights, diameters breast high, top weights, leaf weights, 
undergrowth, etc., were investigated with quadrat method and in the standard trees. 
The density of overpopulated young trees decreased with maturing of trees by a 
constant rate. Vigorous regeneration of the two Abies species, and poor mature and 
overmature stands of small sized trees make the characteristics of the forest. 

4. The leaf weight increased from a young tree to mature one, but in overmature 
tree it slightly decreased, accompanying the high increase of relative weight of non- 
photosynthetic system. The leaf amount in unit ground area, however, was highest 
at somewhat younger tree stands because of high density of young growth, and it 
abruptly decreased in the overmature stands. 

9. The dominancy of undergrowth was markedly influenced by light intensity of 
the forest floor, for which the leaf weight of the dominant trees was highly res- 
ponsible. 


The authors wish to express their thanks to Prof. K. Hogetsu and Prof. M. Monsi 
for helpful suggestions and valuable advice. Their deep gratitude is also due to Mr. K. 
Yoshida and Mr. Y. Okanishi for kind help during the investigation. A part of the 
expenses of this study was defrayed with a grant-in-aid from the Research Fund of 
the Ministry of Education. 
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Liliaceae of Dr. Hayata’s Indo-Chinese Collection 
by Tetsuo KoyAMA* 


Ue: PARR RO 1 UY FY te) BE 


Received June 18, 1958 


This paper deals with the liliaceous specimens left unidentified by the late Dr. B. 
Hayata in the herbarium of the University of Tokyo (TI). His ample Indo-Chinese 
cellections were made during his long trips to the Indo-Chinese peninsula in three 
times; according to his diary, he was in Tonkin from June to August in 1917, in 
Annam from May to June in 1921, and in Siam from September to December in 1921. 
He also visited Yiinnan briefly in the first trip. I originally intended to identify 
only the sedges of the collection for a monograph of the Cyperaceae in Asia, but lately 
some collections from Himalayas were brought to Japan, and in the course of the 
determination of these plants, the need was felt to have Hayata’s Indo-Chinese plants 
determined. The first paper comprising the taxonomic treatment of Cyperaceae of that 
collection was published in Contributions de |’ Institut Botanique de l'Université de 
Montréal 70: 5-64. 1957, while the second including Xyridaceae and Eriocaulaceae 
appeared in the Philippine Journal of Science 84 (3): 365-378. 1956. In Hayata’s 
collection containing mostly lowland species, the Liliaceae is not very abundant, 
however, there are some isotypes described by Gagnepain in Le Bulletin de la Société 
Botanique de France 84: 1934, since E. Lagrange, who accompanied him in his last 
trip, brought a part of the collection back to the Herbarium of Muséum d’Histoire 
Naturelle de Paris (P). 

1. Asparagus acerosus Roxb., Fl. Ind. ed. 1, 2: 150 (1820); Baker in Journ. 
Linn. Soc. 14: 622 (1875); Hook. f., Fl. Brit. Ind. 6: 317 (1892); Gagnep. in H. Lecomte, 
Fl. Génér. Indo-China 6: 778 (1934). 

Annam: Ninhoa. B. Hayata. 392.—India, Malaysia, Australia. 

Species well characterized by its elongate racemes 2 to 7 cm. long. 

2. Asparagus cochinchinensis CLour.) Merrill 

Tonkin: Tamdao. B. Hayata, sin. num.—China, Korea, Japan. 

3. Asparagus filicinus Hamilt. ex D. Don, Prodr. 49 (1825). 

Annam: Dalat. B. Hayata, sin. num.—China, India. 

4. Chlorophytum orchidastrum Lindley. 


Siam: Doi Sutep. B. Havata. sin. num,; entre Pong Pa Pow et Pong Kioh. B. 


Hayata, sin. num.—Africa, India, China. 


.. Dianella ensifolia DC. ex Redouté. 
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Annam: Dalat. B. Havata, 92.—Madagascar, India, Malaysia, Formosa, Ryukyus, 
Japan. 

6. Disporum cantoniense (Lour.) Merrill; Kitamura in Kihara, Fauna & FI. 
Neplal Himal. 92 (1955). 

Annam: Dalat. B. Hayaita, 196.—India, Malaysia, Formosa, Japan. 

7. Disporum tonkinense T. Koyama, spec. nova a Disporo sessili D. Don floribus 
multo minoribus vix 1 cm. longis et a Disporo cantoniesi Merrill foliis ellipticis Ovari- 
busve, habitu minore distincte recedit—Fig. 1. 

Perennis, rhizomate lignoso breviter 
repente, radicibus validis 1/2-4 mm. crassis 
fusco-cinnamomeis. Caulis gracilis 2-4 
dm. altus simplex vel sursum laxe dicho- 
tomi-ramosus basi vaginis 2-5 spathaceis 
membranaceisque 2-6cm. longis  fusco- 
rubentibus apice obtusis vestitus. Folia 
remote alternata ad unicum caulem 3-7 
sessilia elliptica vel ovalia 2.5-6 cm. longa 
1.5-3cm. lata membranacea 3-5-nervia 


margine integra apice basique abrupte 


a : \ Sige 
Fig. 1. Disporum tonkinense T,. Koya- 
sessilis vel brevissime (1-2 mm.) pedun- ma (Holotype) 


breviter acuta. Umbella laxe 3-5-flora 


culata, pedicellis obliquis 9-13 mm. longis. 
Flores albi circiter 9mm. longi; tepala exteriora ovato-elliptica 6-7 mm. longa triner- 
vosa apice rotunda atque mucronata in anthesi sursum patentia usque recurva; tepala 
interiora exterioris similia sed leviter angustiora longioraque; stamina 6 tepalis 
longiora, filamentis compressis 6 mm. longis, antheris oblongis 2.5 mm. longis; pistilum 
cum staminibus aequilongum apice trifidum, ovario 1.5mm. longo ellipsoideo. Bacca 
globosa 6-9mm. in diametro maturitate sordide caerulens; seminibus ovoideis facie 
opacis 4mm. longis ac latis. 

Tonkin: Tamdao. Bb. Hayata, sin. num.—holotypus in TI. 

Closest to D. cantoniense, but differing therefrom in having broadly elliptical, 
light green leaf-blades. 

8. Disporum trabeculatum Gagnepain in Bull. Soc. Bot. Fr. 81: 286 (1934) et in 
H. Lecomte, Fl. Génér. Indo-Chine 6: 783 (1934). 

Tonkin: Chapa. B. Hayata, sin.num.; Tamdao. B. Hayata, sin. num.—Endemic 
in Indo-China. 

This species is also known from Annam; quite distinct secondary nervules trans- 
versely connecting longitudinal nerves on large broadly oval leaves clearly distinguish 
this one from all other members of this genus. 


9. Gloriosa superba Linn. 
Siam: Xen Mai. B. Hayata, sin. num.—Rather widely extending in the tropical 
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regions of the Old World from northern Africa through India to Malaysia. 

10. Gonioscypha muricata Gagnepain in Bull. Soc. Bot. Fr. 81: 287 (1934) et in 
Lecomte, Fl. Génér. Indo-Chine 6: 803, f. 79, 1-5 (1933). 

Siam; Doi Stuep. 2B. Hayata, sin. num. 

New to the flora of Siam, previously known only from Laos, where this was first 
described. The genus Gonioscypha is a small southern Asiatic genus including only 
two species of very strange look. Another species is G. eucomoides Baker of Himalaya, 
bearing dark green flowers. In our plants, flowers are whitish in the tubular part 
and blackish purple on segments. Gagnepain (11. cc.) described perianth tubes as 
2mm. wide, but in the above specimen, they are about 7 mm. across. 

11. Hemerocallis longituba Miquel. 

Yiinnan: Yitnnanfou. B. Hayata, sin. num—Formosa. Japan. 

This specimen well coincides with Japanese common form of H. longituba, which 
may be specifically distinct from European H. fulva in the longer perianth tube always 
2.5-3 cm. long. 

12. Heterosmilax japonica Kunth, Enum. Pl. 5: 270 (1850); T. Koyama in Quart. 
Journ. Taiwan Mus. 10: 20 (1957). 

H. dalatensis Gagnep. loc. cit. 81: 69 (1934), ex isotypo—Smilax planipedunculata 
Hayata—H. arisanensis et raishaensis Hayata. 

Annam: Dalat. B. Hayata, 76S—type of H. dalatensis Gagnep. in P, isotype in 
TI.—Formosa, Ryukyus. 

Gagnepain described H/. dalatensis laying stress on its oblong perianth, which is 
a relatively rare occurrence in the continental species of this genus, on the other 
hand, however, oblong connate perianth minutely 3-toothed at the apex characterizes 
H. japonica Kunth itself! 

13. Heterosmilax polyandra Gagnepain in Bull. Soc. Bot. Fr. 81: 70 (1934) et 
in H. Lecomte, Fl. Génér. Indo-Chine 6: 775, f. 73 (1934). 

Tonkin: Tamdao. &. Hayata, sin. num.—Endemic in Indo-China. 

This plant has hitherto been known only from Laos. There isa little hesitation 
in identifying this specimen with H. polyandra from Laos, since the speimen js not 
quite perfect and lacks the male flower. Further in our specimen, leaf-blades are 
not cordate at the base but rounded. 

The polyandry (9 to 12 to a flower) seen in this species characterizes the section 
Pseudosmilax (Hayata) T. Koyama, in which are described two more species, viz. H. 
seisuiensis Wang et Tang, and H. hogoensis Hayata, the latter being considered to be 
identical with the former (cf. T. Koyama, op. cit. 21. 1957). 

14. Ophiopogon latifolius L. Rodrigues in Bull. Soc. Bot. Fr. 75: 998 (1929)—Fig. 2. 

Tonkin: Tamdao. B. Hayata, sin. num.—Endemic in Tonkin. 

Very stiff broad leaves gradually narrowed below to 


a petiole-like base well 
define this strange looking species, which seems to be 


near to O. dracaenoides 
Baker of Himalaya. Besides this one, two new species, O. subverticillatus Gagnep ex 
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L. Rodr., and O. tonkinensis L. Rodr., were published in 
the same place, however, none of these was included in 
Flore géneéral de 1'Indo-Chine tomé 6 by Gagnepain (1934). 

15. Polygonatum laoticum Gagnepain in Bull. Soc. 
Bot. Fr. 81: 288 (1934) et in H. Lecomte, Fl. Génér. Indo- 
Chine 6: 794 (1934). 

Stem robust, simple, 3-6 dm. tall, obt use-angled; leaves 
7 to 13 to a stem, alternate, elliptical of ovate-oval, mem- 
braneous, suddenly contracted to sessile or shortly petiolate 
Cup to5 mm. lg.) base apex abruptly attenuate and short- 
caudate; flowers in groups of 2 to 3 disposing in sessile 
axillary umbel; berries 6 to 12 mm. across, blue-black seeds 


1 to 5 in a berry. 


Annam: without definite locality. 


num. 


As this specimen lacks the flower, I am not quite sure 


B. Hayata, sin. 


Fig. 2. Ophiopogon  lati- 
folium L, Rodr. 


that this plant is quite correctly identified. 


Fig, 3. i%Similax brevipes T. Koyama 
(Holotype.) 


16. Smilax brevipes T. Koyama, spec. 
nova ex affinitate Smilacis siderophyllae H.- 
Mazz. differt a qua ramis non costatis, um- 
bellis semper simplicibus unicis petiolo multo 
brevioribus, et a Smilaci cambodiana Gagnep. 
recedit pedunculis umbellarum basi non 
squamatis, ramis ramulisque laevissimis. 
Sect. Coilanthus DC.—Fig. 3. 

Liana sempervirens, caulibus graciliter 
elongatis teretibus laevissimis. Folia remote 
alternata; laminae oblongo-ellipticae usque 
ovales 5-15 cm. longae 2~9 cm. latae coriaceae 
supra nitidae subtus opacae sed non cinereae 
basi abrupte contractae rotundae apice etiam 
rontundae cum acumine abrupte acuto, 
nervis principalibus longitudinalibus 3 con- 
vexis nervulis lateralibus pertenuibus obli- 
quis reticulationes minutas formantibus; 
petioli 10-15 mm. longi laeves infra raedium 
alati; claviculae breves cum petiolo suo 
aequilongae. Umbellae solitariae simplices 
subsessiles dense plus quam _ 30-florae, 
pedunculo tereti 3-7 mm. longo ebratcteato 
1/3-1/4 petiolum aequilongo, pedicelis capi- 
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llaribus ad 25mm longis ascendentibus. Flores masculi parvuli 2mm. longi 3mm. 
lati in anthesi; tepala exteriora ovata naviculuares apice rotunda; tepala interiora 
exterioris similia sed aliquantulum angustiora; stamina 6, filamentis multo brevi- 
oribus quam anthera ovoideo-globosa. Flos foemineus ignotus. 

Siam: entre laksé et Bannhikh. B. Hayata, sin. num.—holotypus in TI. 

From the external appearences, this greenbrier is most closely allied to S. sidero- 
phylla H.-Mazz. of Yiinnan, from which it is distinguished by its always solitary um- 
bels on peduncle not exceeding its petiole. The slender quite smooth stem and the 
nature of umbel suggest that this may be near to S. glabra Roxb., a well known 
narrow-leaved one. 

17. Smilax chapaensis Gapnepain in Bull. Soc. Bot. Fr. 81: 71 (1934) et in H. 
Lecomte, Fl. Génér. Indo-Chine 6: 766 (1934). 

Tonkin: Chapa. B. Hayata, sin. num—Endemic in Tonkin. 

Large liane with densely aculeate, coarse, woody stem. 

18. Smilax China Linn. var. taiheiensis (Hayata) T. Koyama in Quart. Journ. 
Taiwan Museum 10: 9 (1957). 

S. verticalis Gagnepain, loc. cit. 81: 74 (1934). 

Annam: Ba Me Thout. B. Hayata, sin. num., allotype of S. verticalis!—Siam: 
Pong Kioh. B. Hayata, sin. num. entre Pong Pa Pow et Pong Kioh. 8B. Hayata, sin. 
num.—Formosa, S. China. 

18. Smilax ferox Wallich ex A. DC. 

Annam: Krong Pha. B. Hayata, 784, 979, & 981—India, S. China. 

19. Smilax glaucophylla Klotzsch in Reise Prinz. Wald. Bot. 45, t. 91 (1862); 
Kitamura in Kihara, Fauna & Fl. Nepal Himal. 96 (1955); T. Koyama in Quart. Journ. 
Taiwan Mus. 10: (1957).——S. parvifolia Wallich ex Hook f. 

Yunnan: Yunnanfou. B. Hayata, sin. nuwm.—India, Formosa (var.). 

This plant resembles S. vaginata Decne. at a glance, from which it is distinguished 
in its somewhat climbing stem and distinctly cirrhose petioles. 

20. Smilax hypoglauca Bentham, Fl, Hongk. 369 (1861); A. DC., Monogr. 1: 61 
(1878); C. H. Wright in Journ. Linn. Soc. 36: 98 (1903); Norton in Sargent, Pl. Wils. 
S#10 C1916), 

Siam; Doi Sutep. B. Hayata, sin. num.—China (Yunnan, Hongkong, Kwantung, 
&C. ). 

New to the flora of Siam, different from its nearest alliance, S. glabra Roxb., in 
having obtuse-tipped leaf-blades. 

21. Smilax lanceaefolia Roxburgh (Hort. Beng. 72. 1814, nomen) F1. Ind. 3: 792 
(1832); A. DC.. Monogr. 1: 57 (1878); Hook. f., Fl. Brit. India 6: 308 (1892); Norton 
in Sargent, Pl. Wilson. 3: 11 (1916); Gagnep: in H. Lecomte, loc. cit. 6: 767 C1934): 

Siam: entre Huoi Hai and Nam Tao. B. Hayata, sin. num.; Doi Sutep. B. Hayata, 
sin. num.—tindia, China. 


This large liane with large herbaceous ovate to lanceolate-ovate leaves is, I think, 
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a member of the S. glabra group, which is defined by slender, smooth; terete stem 
and relatively short peduncle without any scale at the base. 

22. Smilax macrophylla Roxburgh (Hort. Beng. 72. 1814, nomen) FI. Ind. 3: 793 
(1832); A. DC., Monogr. 1: 193 (1878), excl. var. 8. 

S. ovalifolia Roxb., loc. cit. 794; Wight, Icon. 3: t. 809 (1844)—S. retusa Roxb— 
S. Roxburghii Kunth. 

Siam: Doi Sutep. B. Havata, sin. num.—India. 

23. Smilax opaca (A. DC.) Norton in Sargent, Pl. Wilson. 3: 11 (1916); Gagnep. 
in H. Lecomte, loc. cit. 6: 767 (1934); T. Koyama in Quart. Journ. Taiwan Mus. 10: 
19 (1957). 

S. lanceaefolia Raxb. var. opaca A. DC., Monogr. 1: 57 (1878)—S. lanceaefolia sensu 
auct. plur. non Roxb. 

Siam: Nakay. B. Hayata, sin. num.—China, Formosa. 

Many authors have confused this with S. Janceaefolia Roxb. It is true that the 
two strikingly akin when we examine sterile branches, but, although the leaves of 
S. lanceaefolia are considerably variable, they are rather thin membraneous with 
minute red-brown spots on the under surface, and shortly caudate at the apex, while 
in S. opaca, leaves are slightly smaller, somewhat thick membraneous, and relatively 
suddenly attenuate at the tip. As I mentioned in Quart. Journ. Taiwan Mus. 10: 
3-4, quite different state of inflorescences suggests us that these two are better re- 
garded as a member of different section respectively, i. e. S. /anceaefolia is placed in 
the section Coilanthus including S. China S. glabra etc., and S. opaca belongs to the 
section Smilax with clearly prophyllate peduncle of umbel, including S. ferfohata, S 
macrophylla, etc. 

Some plants of S. opaca from Siam have armed stem, and they are newly des- 
cribed below: 

forma aculeata T. Koyama, f. nova caule aculeato. 

Siam: Doi Sutep. B. Hayata, sin. num., type in TI—Banhikh a Taktooug. B. 
Hayata, sin. num. 

24. Smilax perfoliata Loureiro, F1. Cochinch. 622 (1790); Gagnepain in H. Lecomte, 
Fl. Génér. Indo-Chine 6: 761 (1934); T. Koyama in Quart. Journ. Taiwan Mus. 10: 
16¢ (1957): 

Tonkin: Tamdao. B. Hayata, sin. num—Siam: Doi Sutep. B. Hayata, sin. 
num. entre Bau Do Mo et Khou Vai. B. Hayata, sin. num.—S. China, Formosa, Philip- 
pines. 

This plant is often confused with Indian S. prolifera Roxb having compound in- 
florescence. The auricles at the base of petiole is broader in S. perfoliata than in 
S. prolifera. 

25. Smilax bracteata Presl, Rel. Haenk. 1: 131 (1827); T. Koyama in Quart. 
Journ Taiwan Mus. 10: 18 (1957). 

S. stenopetala A. Gray, Bot. of Japan 412 (1859); Gagnep. in H. Lecomte, loc. cit. 
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6: 703 (1934), 

var. Klotzsehii (Kunth) T. Koyama in Quart. Journ. Taiwan, Mus.5102 20)61957) 
‘n adnota—S. Kiotzschii Kunth, Enum.-Pl. 5: 245 (1850); A. DC., Monogr. 1: 188 
(1878). 

Tonkin: Chapa. B. Hayata. sin. num—Malaysia. New. for Indo-China. 

var. timorensis (Blume ex A. DC.) T. Koyama in Quart. Journ. Taiwan Mus. 10: 
20 (1957) in adnota—S. timorensis Blume ex A. DC., Monogr. 1: 189 (1878). 

Siam: Doi Sutep. B. Havata, sin. num.—Malaysia. 

This is also new to Indo-China. In my previous paper, four eastern Asiatic 
greenbriers, S. bracteata, S. verruculosa, S. timorensis, and S. Klotzschii, are united 
into one species, of which the correct name is S. bracteata. S. bracteata originally 
reported from Luzon, is the same plant with one which we have called S. stenopetala. 
This species is distributed from the southern Japan through the Ryukyus and For- 
mosa southward to Philippines, but is never reported from the Asiatic continent. S. 
timorensis is, on the one hand, extending from Indo-China southeastward to Timor 
Island, where the typical S. bracteata does not occur. But, the morphological difference 
between these two is very shght. S. ¢imorensis is separated from S. bracteata only 
by more robust habit and somewhat caudate ovate leaves only. It is, therefore, ade- 
quate to treat S. tamorensis as a geographical variant of S. bracteata. Further, an 
interesting matter is that each of these two has its variations, one having verruculose 
stem and another with smooth stem within their distributional area respectively. S. 
verruculosa is attributable to S. bracteata, (cf. T. Koyama, 1. c.), while S. Klotzschii 
corresponds to S. timorensis, 


ADDENDA 


Mr. Raymond was kind enough to write to me saying that I should correct the 
following name of Carex, which I have named after its type locality Mt. Sutep in 
Siam. 


Carex (Filicinae) coisutepensis T. Koyama in Le Nat. Canad. 82; (10-11); 196 
(1955), errore doistepensis. 
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ELA BeRit 1917 4E~S 1921 4Fich7eY, 4 YE YI CHYMARERN ID, FRAIL AIA CHA ARE 
FIC SN CVS o RAED MPO AE LCP CCH YIU TPR UY UR po aL 
JOBS eR LTC SMT TICBR LE Blk 2 UB EMOLLOCHS, HE Disporum tonkinense 
VROBAAWA TLS XD LEADCH), YUE Y N14 SRO KIC Smilax lanceaefolia =\\~ 
EW EADS oT, ADA S. opaca EMRMAAE LARC CUMECH ELS. CHOOMES 
MUTE LUBY AY FY t+O7 UB IOMMMABSMICESCL, SHICBRESS < fRISHOD 
HOPE-“VFHDIBIEO BMS, WOK’ OAS, 


Observational and Experimental Studies of Sensitive Plants. 
X. On the Fixation of Threadlike Apparatus 
in Cortex of Petiole* 


by Hideo ToriyAMA** 


BSUUSeHE* > ADS VOOR X. BA BIC SPREE BOMEICOV Cc 


Received June 9, 1958 


The author recently reported that in the petiole of Mimosa pudica L. there are 
threadlike apparatus which have a connection with tannin vacuoles (Toriyama 1955). 
These threadlike apparatus have been hitherto overlooked or ignored by plant ana- 
tomists Or physiologists, both in the study on living and fixed materials. During the 
past three years, the author has made an effort to get data which are of immediate 
relevance to the case of this threadlike apparatus. In the previous paper, the data 
concerning vital staining of the threadlike apparatus was described (Toriyama 1957). 
The purpose of the present work was to obtain a more complete knowledge of the 
nature of the threadlike apparatus by means of fixing methods together with some 
experiments. 

This study has made, using materials similar to those, reported in paper VII 
(1957 7. c.). In order to observe the parenchyma in the petiole before the bending 
movement, the plants were as usual exposed to ether vapour for 20 minutes, thus 
rendering the petiole of these plants incapable of responding to any stimuli. The 
material in the present investigation consisted chiefly of those plants which had not 
received any stimuli. The fixing methods were made on the petiole to exmaine their 
cytological reactions. The details shall be described in the following paragraphs. 


Observations and Experiments 


a) Results through classical cytological methods. Results obtained by classical 
cytological methods are briefly summarized in the remarks of table 1. The detailed 
explanations concerning these results are described as follows under the topics of 
fixatives employed. 

(1) Kaiser's fluid.*** After having fixed for 5 hours in this fluid, the material was 
directly removed to 70 per cent alcohol, added a few drops of iodine solution, and then 
to absolute alcohol, butyl alcohol, butyl alcohol paraffin successively, and finally em- 
bedded in paraffin as usual. Paraffin blocks were Cut 10 micra in thickness; The 


* Contribution No. 28, from Biological Section, Tokyo Woman’s Christian College. 

** Biological Section, Tokyo Woman’s Christian College. Hime fA AE yee m4 
*** Kaiser’s fluid is composed of 10g. of sublimate, glacial acetic acid 3ml. and distilled 
water 300 ml., 
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Table 1 
Fixatives Result of fixation Remarks 
Kaiser’s fluid slender 
; slender 
Susa’s fluid + rosary-like 
- : : slender 
Bouin’s fluid i) oe rosary-like 
Neutral formalin + slender 
Miiller’s fluid + rosary-like 
Carnoy’s fluid fee 
Bensle’y fluid + + slender 
Champy’s fluid et slender 
Altmann’s fluid se slender 


sections were stained with 0.5 per cent alcoholic toluidine blue solution which was very 
convenient for differentiating the threadlike apparatus and the tannin vacuole. Kaiser- 
toluidine blue preparation showed a good result (Fig. 1). The thread and tannin vacuoles 
stain greenish blue by this dye solution, assuming a similar status to the apparatus mode- 
rately stained with vital staining (Toriyama 1957 7. c.). The cell wall, cytoplasm, 
nucleus, chloroplast and other cellular elements are not however stained with this 
solution. 

(2) Susa’s fluid.* The proper duration of the fixation was about 24 hours. Fixed 
material was then washed out with 95 per cent alcohol. The dehydration was per- 
formed through a series of tertiary butyl alcohol, and was finally embedded in paraffin 
as usual. Paraffin blocks were cut 10 micra in thickness. The sections were stained 
with 0.5 per cent alcoholic toluidine blue solution. The threadlike apparatus in a 
rosary-like form stains very intensely blue. The toluidine blue staining revealed good 
results concerning the thread and tannin vacuole. But the only regrettable fact 
was that the cell shrink a little (Figs. 2a, b and 3a, b). 

(3) Bouin's fluid.** The moderate duration of fixation was about 4 hours usualy. 
After fixation the material was washed in running water overnight. The dehydra- 
tion and cutting procedure were performed in the same manner as in the foregoing 
method. Then, the sections were stained with alcoholic toluidine blue solution. By 
this technique, the threadlike structure appeared very clearly (Figs. 4, 5, 6). Some- 


times, the theadlike apparatus appeared a little broader than those in the other 
preparation (Figs. 5, 6). 


* Susa’s fluid is composed of 50g. of mercuric chloride, 2g. of trichloroacetic acid, 20 ml. 
of formalin, 4ml, of glacial acetic acid and 30 ml. distilled water. 


** Bouin’s fluid is composed of 75 ml. of picric acid, 25 ml. of formalin and 5 ml. of glacial 
acetic acid. 
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Threadlike apparatus in the lacunal parenchymatous cell of petiole. x 800. 
1-fixed with Kaiser’s fluid; 2a, b and 3a, b-fixed with Susa’s fluid; 4( x 320) 
5, 6-fixed with Bouin’s fluid; All materials are stained 0.5 % alcoholic 


toluidine blue. ta-tannin vacuole; th-threadlike apparaturs; n-nucleus, 


3 


iil 


Bigs, 7=12, 


Moy Mw we ANE M38 8 haan 33 4 9 7 


Threadlike apparatus in the parenchymatous cell of petiole. x 800.7- 
fixed wilh 10% neutral formalin; 8-fixed with Miiller’s fluid. Both ma- 
terials are stained 0.5 % alcoholic toludine blue. 9, 10-fixed with Bensley’s 


fluid; lla, b-fixed with Champy’s fluid; 12a, b-fixed with Altmann’s fluid, 
Arrows indicated the threadlike apparatus. n-nucleus; th-threadlike 


apparatus; ta-tannin vacuole; ch.-chloroplast, 
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(4) Neutral formalin. The commercial formalin neutralized with calcium carbo- 
nate was diluted with distilled water in propotion of 1:5. The proper duration of 
fixation by this fixative was 24 hours. The washing and dehydration procedure are 
performed in the same manner as in the foregoing methods. The material was then 
cut 10 to 15 micra in thickness. The sections were stained 0.5 per cent toluidine 
blue solution. The adequate duration of fixation in the dye solution was determined 
only from experience. For the present material 10 hours staining in the dye solution 
was quite enough to stain the threadlike structure and the tannin vacuole. It must 
be noted that the thread assumes a slender feature by the fixation of neutral formalin 
Cig. 7). 

(5) Muller's fluid.* The adequate duration of fixation was about 10 hours. 
After fixation the material was washed in running water overnight. The dehydration 
and cutting procedure were performed in the same manner as in the foregoing methods. 
The sections were stained with alcoholic toluidine blue as usual. The thread and tannin 
vacuole were also found to be well preserved by Miller’s fluid. The thread and the 
tannin vacuole were equally stained in a greenish blue color. It is remarkable that 
the thread takes a rosary-like feature as shown in Fig. 8. 

(6) Carnoy’s fluid.** The material was fixed in this fluid for 5 hours. After 
completion of the fixation the material was dehydrated in absolute alcohol. The cutting 
and staining procedure were performed as usual. By this technique, the cell wall 
and the cytoplasm stained light blue. After this fixing procedure the threadlike 
apparatus and tannin vacuole were found to be mingled with each other, both being 
stained light blue color. Consequently, the fixing figure of the thread and tannin 
vacuole were not observable. 

The available data from the experiments concerning the fixing of threadlike ap- 
paratus may be summarized as follows. Among various fixatives, such as Kaiser’s fluid, 
Susa’s fluid, Bouin’s fluid, Miiller’s fluid and simple neutral formalin used, the best 
results were obtained by using Bouin’s fluid. 

b) Results through new methods. Other than the above mentioned methods, the 
author attempted the following methods using osmium tetraoxide. With a purpose 
to know the fine structure of the thread, the author tried new methods upon the 
petiole. First he employed Bensley’s fluid.*** Small pieces of tissue were kept in the 
fixing fluid, the adequate duration of fixation being about 10 hours. After completion 
of fixation they were thoroughly washed in running water for 10 hours to remove 
any traces of the reagents. These materials were cut 20 to 40 micra in thickness by 
means of a hand microtome. The sections were washed in distilled water, which was 


* Miiller’s fluid is composed of 2.5g. of potassium bichromate, 1g. of sodium sulphate 


and distilled water 100 ml.. 
** Carnoy’s fluid is composed of 60 ml. of absolute alcohol, 30 ml. of chloroform and 10 ml. of 


glacial acetic acid. . ; 
*** Bensley’s fluid is composed of 4ml. of 2.5 % aqueous sublimate, 1 ml. of 2% osmium, 
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changed for several times. The sectious were mounted in pure glycerin, without ee 
subsequent staining. This technique gives not only excellent result in demonstrating 
the thread, but also is outstanding in the fixation of nuclei. By dint of this technique, 
the threads were clearly observable even before reception of stimuli in the paren- 
chymatous cell. The threads in this case have a tendency to form a Cluster around 
the nuclei as shown in figures 9 and 10. After receiving a stimulus, the same figure 
was still observable in the cell. In addition, these threadlike apparatus were also found 
in the parenchyma of the transitional portion from the petiole to primary pulvinus. 
Figure 10 shows the apparatus of this portion, the material being fixed with Bensley’s 
fluid. As the thread of these materials was very favorable for detailed study, the 
author used this technique for the observation of various features of the threads. 

Next, the material was fixed with Champy’s fluid.* The adequate fixation with 
this fixative was only known from experience. For the present materials, 20 hours- 
fixing in Champy’s fluid was quite enough to fix the thread in the cell. After fixation 
the material was thoroughly washed in running water for 10 hours to remove any 
trace of the fixing reagents. These materials were then cut 20 to 40 micra in thick- 
ness. The sections were also mounted in pure glycerin. By this fixing fluid, the 
thread does not assume the rosary-like form (Figs. lla, b). The thread and tannin 
vacuole are tinged in black color by osmic acid, while the nuclei are colored light 
brown. The thread assumes various features. Sometimes they develop to the extent 
of assuming a long slender threadlike apparatus. Before receiving the stimulus, the 
cytoplasm and the threadlike apparatus were not mixed with each other, as in the case 
of Carnoy’s fluid. After being stimulated the same figure was still observable in the 
cell 

Thirdly, the material was fixed with Altmann’s fluid.** The fixing and washing 
procedure were proformed in the same manner as before. By this technique, the 
difference in the parenchymatous cell before and after the bending movement could 
not be observed. The threads appear uniformly in the form of slender threads. As an 
effect of the fixation, the threade have a tendency of gathering themselves in a 
cluster arround the nuclei as shown in Figures 12a, b. These threads are blackened 
by the osmium tetraoxide. The cytoplasm is not markedly differentiated from the 
cell wall. Both the threads and the tannin vacules were stained black within 10 hours, 
showing no differences color. The available data from the above mentioned results 
may be summarized as follows. The threadlike apparatus stains black by osmium 
tetraoxide, and takes a slender form. 

The available data on the fixation concerning the threadlike apparatus in the 
lacunal parenchyma must be mentioned as follows. Contrary to my expectation, the 


* Champy’s fluid is composed of 35 ml.of 3 % aqueous solution of potassium bichromate, 
35 ml. of 1% chromic acid solution and 20 ml, of 2% osmium. 
** Altmann’s fluid is composed of 10 ml. of bg 


6 aqueous potassium bichromate and 10 ml. of 
aqueous 2% osmic acid, 
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threads do not join one cell with another cell lengthwise, nor do they connect with 
the lateral neighbouring cells. 


Discussion 


Many attempts have been made in order to make clear the morphology of the 
canaliculi or vacuome in the plant cells. Among these attempts the successful obser- 
vations of the canaliculi have been obtained upon the meristem cells (Holmgren 1899, 
Guilliermond 1922, Gicklhorn 1926 ef. al). During course of the study reported in 
the fourth paper of the present series of investigations, the author found a threadlike 
structure in the lacunal parenchyma of Mimosa petiole. Recently, the author has 
reported that basic dyes stain the thread in the cortex of the petiole before and after 
receiving the stimulus. It was confirmed that the threads possess a lipoidal nature 
from the staining properties with vital dyes. Furthermore, the author postulates 
that the thread is one of cellular elements, and is not mere artificial figure (Tori- 
Walia LG de iG). 

In order to know the further detailed cytological and chemical natures of the 
apparatus, the author attemped to use some fixing techniques. It seems important 
for this purpose that the fixatives adopted should list the form of the apparatus as 
modified artificially or solved by the reagents. Various fixatives, such as Kaiser’s 
fluid, Susa’s fluid, Bouin’s fluid, Miiller’s fluid, Carnoy’s fluid, or simply 10 per cent 
neutral formalin were used. Among them the best results were obtained with the 
combination of Bouin’s-toluidine blue. By using alcoholic toluidine blue, the tannin 
vacuole and threadlike apparatus were stained very strongly and the contour of the 
thread had a clear-cut appearance. By means of the author’s new technique, the ana- 
lysis of their finer architecture became easy. In other words, the fixatives containing 
bichromate and osmic acid have proved to be excellent for this purpose. Osmic acid 
on the other hand stains thread possitively. This reaction probably shows that the 
accumulation of tannin substance occurs in the thread. It would not be too much 
to say that the functional significance of a threadlike apparatus is the accumulation 
of the tannin substance. Therefore, these two morphologically different kinds of 
elements should be placed in the same category. In other words, the threadlike 
apparatus may be called a threadlike vacuome, which reminds us of the filamentous 
vacuole as reported by Bailey (1930). Zirkle (1932) also observed the canal and net- 
like vacuole in Pinus Strobus. These vacuoles and that of the Mimosa may be placed 
in different categories. 

The author found that the threads assume rosary-shapes or slender threads in 
the living condition as shown by the vital staining. These threads are, on the other 
hand, capable of bending both under the natural as well as under the artificial con- 
dition (Toriyama 1957 /. c,). In the fixed material, their shapes show many modifi- 
cations, and often shows to be curious. In some cells e. g. those of the parenchyma 
of the transitional tissue, the threadlike apparatus usually appear attached to the 
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nucleus. Sometimes chloroplasts draw near to the threadlike apparatus, showing a 
close relationship between the two (Figs. lla, b). These phenomena seem to be very 
suggestive. 

The main obstacle to the chemical investigation has been so far the difficulty of 
obtaining a pure sample of the threadlike apparatus and tannin vacuole. The detailed 
chemial nature and the distribution of these threads are expected to be the subjects 
of future research. Furthermore, the questions of the structure and function of the 
threadlike apparatus remain unsolved for future studies. 


Summary 


In the present investigation, the modes of the fixation of the threadlike apparatus 
in the cell of Mimosa petiole were studied from the cytological view-point. The ex- 
perimental results obtained are summarized below. 

1) Threadlike apparatus and tannin vacuole in the lacunal parenchymatous cell 
of the petiole are chiefly dealt with. 

2) Threadlike apparatus and tannin vacuole were fixed with Kaiser’s fluid, Susa’s 
fluid, Bouin’s fluid, Miiller’s fluid and neutral formalin. They were stained with a 
0.5 per cent alcoholic solution of toluidine blue. The combination of Bouin’s fluid 
and toluidine blue was found to be a favorable and a specific method for staining the 
thread and tannin vacuole. 

3) By Carnoy’s fluid, the thread and tannin vacuole are unadequately fixed, and 
are dissolved and mixed with each other. 

4) By fixing the lacunal parenchyma of the petiole with the fixatives containing 
osmium tetraoxide, 7. e. with Bensley’s, Champy’s and Altmann’s fluid, the thread and 
tannin. vacuole are observed in black staining. 

.) Judging from the data obtained by these experiments, it is concluded that 
the thread is one of the cellular elements, and is by no means a mere artificial figure. 

6) The threadlike apparatus do not join one cell with another cell lengthwise, 
nor connect the lateral neighbouring cells. 
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Short Communication 


Uber den lichtunempfindlichen Teilprozess in der bluhinduzierenden 
Dunkelperiode bei Pharbitis Nil (Vorlaufige Mitteilung) 


von Atsushi TAKIMoTO,* Katsuhiko IkKEDA* und Shun-ichiro IMAMURA* 
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Eingegangen am 15, August 1958 


Es ist bekannt, dass bei vielen Kurztagpflanzen die auf schwaches Licht von 
gentigender Dauer folgende Dunkelperiode auf die Blitenbildung unwirksam ist.)),3) 
Bei Pharbitis Nil trifft dies ebenfalls zu. Wenn aber die Dauer der Vorbeleuchtung 
mit schwachem Licht abgektrzt ist, ndmlich bis auf 4 Stunden, kommen die Pflanzen, 
selbst nach einer Dunkelperiode von subkritischer Dauer, zur Ausbildung der Bli- 
tenanlagen. Der Versuch wurde mit Keimlingen von Pharbitis Nil, Sorte, ,, Violett “, 
ausgefiihrt, die durch eine einzige induktive Dunkelperiode zur Bliittenbildung gebracht 
werden kénnen2). Die kritische Dunkelperiode unter den giinstigsten Bedingungen 
ist etwa 9 Stunden. 

Die Samen wurden mit konzentrierter Schwefelsdure 20 Minuten lang behandelt, 
griindlich gewaschen und darauf im Leitungswasser zur Quellung gebracht. Nach 2 
Tagen wurden die gleichmassig keimenden Samen in Topfen ausgesat, und im Gewachs- 
haus bei 30+2°, unter Dauerlicht (natirliches Tageslicht und nachtliche Beleuchtung 


* Laboratorium tiir Angewandte Botanik, Landwirtschaftliche Fakultat, Kyoto Universitat 
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mit etwa 500 Lux von Gliihlampen), aufgezogen. Die Versuche sind 3 Tage nach 
der Aussaat ausgefiihrt worden und nach der experimentellen Behandlung wurden 
die Pflanzen unter kontinuierlicher Beleuchtung gezogon. Etwa zwei Wochen nachher 
wurden sie zur Beobachtung gebracht. 

Vor der Dunkelbehandlung von 12, 10, 9, 8 und 6 Stunden bei 25+1° waren die 
Versuchspflanzen 4 Stunden lang schwachem Licht fluoreszierender Lampen ausgesetzt 
(ca. 10 Lux), und die Kontrollpflanzen wurden ebenfalls 4 Stunden lang unter 
starkem Licht (ca. 4000 Lux) gehalten. Andere Gruppen von Kontrollpflanzen wurden 
von Anfang der Vorbeleuchtung der Versuchspflanzen an 16, 14, 12 und 10 Stunden 
lang im Dunkeln gehalten. 

Die Resultate sind in Tabelle 1 dargestellt. Die auf Starklicht folgende Dunkel- 
periode von 8 bis 10 Stunden léste keine Blitenbildung aus. Wurden die Pflanzen 
aber vor der 8- bis 10-stiindigen Dunkelperiode 4 Stunden lang im Licht schwacher 


Tabelle 1. Einfluss des 4-sttindigen schwachen Lichtes auf die Blihreaktion 
in der darauf folgenden Dunkelperiode. 


Dauer der 


. Zahl der - 
Vorbestrahlung eg aL Versuchspflanzen Bluhprozent 
! 12 ov 100 
4-stiindiges 10 40 100 
Schwachlicht 9 RY 100 
von 10 Lux 8 40 SAD) 
6 40 0 
; 12 39 15.4 
4-stundiges 10 36 0 
Starklicht 9 40 0 
von 4000 Lux 8 39 0 
6 40 0 
a 39 ; 100 < 
: * 40 100 
Sonnenlicht 19* 40 60.0 
10* 39 0 
16-stundiges Schwachlicht 40 c aiort 0 


* 5 . . 4 
Die Pflanzen wurden am Beginn des Versuchs in eine Dunkelkammer versetzt. 


Intensitat gehalten, so war die Bliitenbildung erheblich gefordert, d. h. die Pflanzen 
bildeten eben so viel Bliiten wie die Kontrollpflanzen, welche von Anfang an 12 bis 
14 Stunden lang im Dunkeln gehalten wurden. Die Pflanzen, welche im schwachen 
Licht 16 Stunden lang gehalten wurden, bildeten keine Blitenanlagen. 


Die Anfangsphase der bliihinduzierenden Dunkelperiode erfordert also nicht immer 
vollkommene Dunkelheit. 
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The Effect of Cobalt on the Growth of Pollen I. 


by Yoshio YAMADA* 


[UPS *: JEMOA Rit LIF ssn b DAy oe I. 


Received July 12, 1958 


Oxine (8-hydroxyquinoline) and other chelating agents are of interest because 
of their possible bacteriostatic and fungicidal properties and their power to chelate 
metals. Several workers have postulated that the toxicity of oxine to microorganisms 
may be due to its ability to form chelate complexes with essential trace metals, which 
are then rendered unavailable for metabolic processes”,2). Recently Albert e¢ al.) 
found that there was strong positive correlation between bacteriostatic activity and 
chelating power in a series of concentrations of oxine, and demonstrated reversal of 
oxine inhibition by Co for Gram-positive bacteria, and by Zn and Fe for Gram-negative 
bacteria. Similar effects have been noted in other biological systems involving chela- 
ting agents and metals. In an attempt to determine the trace element requirements 
of mammalian spermatozoa, White‘), investigated the effect of several chelating 
agents on motility, and found that Co reduced the spermicidal activity of some chela- 
ting agents, while other mixtures of heavy metals and chelating agents were more 
toxic than the chelating agents alone. Gale® found that oxine inhibited glutamic acid 
assimilation in Staphylococcus aureus, but the addition of Co, Mn and Fe annulled this. 

In this paper, the effect of chelating agents and their metal complexes on the 
growth of pollen has been studied with a view to determining their trace element 


requirements. 


Materials and Methods 


In the majority of the experiments reported here Lilium longiflorum Thunb. was 
employed but some other species, viz. L. auratum Lindl. and L. Maximowiczti Regel, 
gave essentially similar results. The former was readily procurable in good condi- 
tion, and usually gave a high percentage of germination under appropriate circum- 
stances. Lilium pollen gave its best germination several hours after dehiscence and 
retained the ability to germinate for 3 days or more. The time allowed for growth 
was chosen after preliminary experiment on the pollen, and its selection was based 
on the length attained by the tubes. The experiments were stopped before the tubes 
grew too long to be measured accurately. Within a growth period of 15 hours for 
Lilium pollen at the optimum temperature there were relatively few tubes longer than 
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the diameter of the low power microscopic field. Accordingly measurements were 
made at intervals of 15 hours throughout the following experiments. The cultures 
were grown in an oven at 28°-30° under red lamp. For counts of percentages and 
measurements of tubes the low magnification of a stereoscopic dissection microscope 
was used. Fields for study were chosen at random among those containing approxi- 
mately 50 grains. 

Eight per cent sucrose in glass-redistilled water was used as the basal medium. 
Agar was not added because it is a natural product containing some trace metals. 
For example, with the use of polarography, the zinc content of agar (R. G.) was 
about 280 wg./ g. dry weight, whereas that of sucrose (R. G.) was negligible. As the 
amount of trace metals present is a critical factor in chelating agent inhibition, acid- 
washed glasswares were used to avoid contamination with extraneous metals. The 
chelating agents used were ethylenediamine-tetraacetate (EDTA) and 8-hydroxyquino- 
line (oxine) and the metals, copper, cadmium, nickel, zinc, iron, manganese, cobalt, 
calcium and magnesium, were added as the sulphate salts. 

All treatments had 5 replicates, and in each experiment a control culture containing 
only 8 per cent sucrose was used. In control series, the percentages of germinated 
grains ranged from 50 to 60 and a mean tube length from 8.0 to 9.0 mm. under present 
conditions. The percentage range of germination was recorded as follows: 


(lea) LOB Rend name deren, orcs Uibiebe UNE, dictate he Ret Jef = i le 
5060525) Geontrol) Wie. .e.h... ses cea et Arata ee +++ 
lose eas. Sa Rea ee eel eG 535 89 sak ee Sie oie 

VO 223 0 BOG gat SR arate ce scaikeas Maceseey A Gd, Mom petiertict ey: ae + 
=) OBER, A osech sk cicoccmeoe tnt ees see ane + 


The rate of respiration was measured in Warburg manometers during the periods 
of 2 hours at 30°. Approximately 10mg. fresh weight of pollen grains were used 
in all cases. The volume of the medium, including pollen grains, in each flask was 
always made up to 2.0 ml. 


Results and Discussion 


1. Effects of various concentrations of EDTA and oxine on the germination 

and tube length of Lilium pollen. 

Table 1 shows measurements made with culture of L. longiflorum pollen in various 
concentrations of EDTA and oxine at 30°. The same tests were made with L. aura- 
tum and similar results were obtained. In both cases, concentrations of EDTA higher 
than 5x10-3M were toxic, i. e., caused decreased germination, retarded elongation, 
and caused bursting and distortion of tubes. Lower concentrations were favorably 
stimulative with a maximum response in the 10 5M dilution. It will be noted that 
at 10-5M the average length of the tubes exceeds that in the control. Thus, about 
70 per cent germination was found in the 10-5M EDTA series and a mean tube length 
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Table 1. Effects of various concentrations of EDTA and oxine on the germina- 
tion and tube length of Lilium pollen. 


EDTA 


[10-9 2 x 10-M 5 x 10-8M/10-#M/2 x 10-4M5 x 10-4M 10-5M |5 x 10-5M! Control 


Percentage of 
germination | 
Mean tube 
length in mm 


- 7 ++] t+ | +44 [44+44+/4+4+44] +44 


2.36 | 4,38 5.70 6. 75 7.74 8.08 10.85 9.34 nol 


Oxine 
Percentage of | ae 
ce ee -| - - | ¢ + ++ | +++ )4+4+4+] 444 
eee o | 0 OT VRad | 4091" 85150 6,329) 7825.4) Brie 


length in mm. | 


of 10.85 mm., in contrast with about 60 per cent and 8.57 mm. inthe control. At5~x 
10-4M, however, the growth obtained was equal to that in the control. At 10-4M the 
average growth of 5tests was decidedly less than the control, but the toxicity was not 
so great. 

Further, the oxygen uptake of Liliwm pollen Suspensions containing various con- 
centrations of EDTA was compared with that in the control medium. The results 
are shown in Table 2. The oxygen uptake was markedly enhanced by 10-5 M and 


Table 2. Oxygen uptake by Lilium pollen in 8 per cent sucrose soluticn con- 
taining various concentrations of EDTA expressed as percentage of 
uptake (l./10 mg. fresh wt./hr.) occurring in the same sucrose solu- 
tion. Each replicate is for a different pollen sam,le. 


Concentration | O, uptake, percentage of control 
ot Ist hour | 2nd hour 

pear rep. 1 fic rep. ores rep. 2 

| 1«10-°M 55 83 | 36 | 43 
5 x 10-3M 82 88 | 42 | 56 
1x10-'M 84 95 | 78 | 62 

5 x10-4M 90 111 107 141 
1x10-5M 102 128 143 164 

5 x 10-5M 97 105 415 | 155 


it was strikingly inhibited by 10-3M. From these experiments it is clear that there 
is a close parallelism between the pollen-growth and respiration. 

By similar methods, oxine was found to be toxic in a concentration of 10-4M but 
was without favorable stimulation in more dilute solutions. The 10-°M series was 
essentially similar to the control. However, the percentages of germination were 
decidedly greater in the presence of 5x10-5M oxine but the respiration and the mean 
tube length were somewhat less than those in the control. 

According to Heath and Clark”,®, the inhibition of root growth caused by 10-5M 
oxine or 10-5M EDTA alone was largely prevented by the presence of 10O-UM EDTA 
in the former case or of 10-4M oxine in the latter. 
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In the present investigation this test was repeated and essentially similar results 
were obtained. That is, there was evidence of a remarkable mutual antagonism; the 
pollen growth-inhibitory effect of 10-4M EDTA or 10-4M oxine alone was completely 
removed by the addition of 10-5M oxine in the former case or of 5x10—M_ EDTA in 
the latter. 

Of the two chelating agents, EDTA seemed to have a stronger stimulatory effect 


on Lilium pollen than oxine. 


2. Effects of heavy metals on the growth of pollen. 

The primary purpose of this section is to present the results of experiments con- 
cerning the effect of divalent metals on the growth of pollen. The metals were all 
added as the sulphate salts. 

In a preliminary test with various concentrations of copper it was found that 
germination is entirely prevented at 10-3M and 5x10-3M as indicated in Table 3. 


Table 3. Effects of various concentrations of cupric sulphate on the germina- 
tion and tube length of Liliwm pollen. 


10-3M'5 x 10 -*M|10-4M'2 x 10-4M'5 x 10-4M'10-5M 2 x 10-5M5 x 10-3M 10-6M | Control! 
oe | 


Percentage 


| 
“ ey 


| | 
of germina-| — - aE ie | | ese | sPapar H+ eae 
ion ees. | | E a} 

Mean tube | | | 

length in 0 0 Oz, 2. 96 4,22 5. 80 6.96 | 7.63 | 8.85 S78) 
mm, | 


At 5x10-4M, germination was reduced and pollen tube development arrested; almost 
complete bursting of tubes resulted in this series. At 5x10-5M, however, growth 
was nearly equal to that in the control. Lower concentrations were favorably stimula- 
tive with a maximum response in the 10-6M dilution. At 10-6M about 5 per cent of 
the tubes attained a length of 11.3mm. and a mean tube length of 885mm. and 
about 65 per cent germination was found, in contrast with 8.23 mm. and about 60 per 
cent in the control. 

Other metallic ions (zinc, cadmium, nickel, calcium and magnesium) were tested, 
and found to have not so marked a stimulating effect. Brink® reports that in the 
presence of calcium salts in concentrations ranging from 0.02 M to 0.002M, the 
growth of sweet pea pollen tubes is markedly enhanced. The writer has attempted 
to repeat this test, but without success. These heavy metals completely inhibited 
germination at 5x10-3M. At 10-4M, the average length of the tubes in each test 
medium was less than half of that in the salt free control medium. At 10-5M, how- 
ever, growth obtained was equal to that in the control. These heavy metals give 
average amounts of growth of similar magnitudes. 

Manganese and iron ions showed a slight stimulating activity at 5x10-4M but 
were not further investigated because great variation was noted. 

Comparing the effect of cobalt with that of these heavy metals at 10-4M which 
were found to be highly toxic, it is worthy to mention the finding that cobalt in 
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corresponding concentrations promoted growth ina very marked degree. As is shown 
in Table 4, increases in growth were evident in 10-4M, 2x10-4M, 5x10-4M and 


Table 4. 


Effects of various concentrations of cobalt su 
tion and tube length of Lilium pollen. 


1L0-8M) 2 x 10-8M | 5 x 10-#M |10-4M) 2 x 10-4M 


Iphate on the germina- 


}5x10-4M] 10-5M [Control 


Percentage of | 
ermination 


++ 


D++t+ Jt+t4) +44 


g fe 
Mean tube 


length in mm, | 5.5 


| 0 OS oF 


10-°M. 
ted to nearly 40 per cent. 


| 
Tos | 9.640) B07 | 


When cobalt was added in a concentration of 5x10-4M, this increase amoun- 


Thus, about 75 per cent germination was found in this 


series and a mean tube length of 11.05 mm., in contrast with about 55 per cent and 


8.07 mm. in the control. 


However, no germination was obtained at 10-3M. At 5x10-3 


M, the average growth of 5 tests proved to be somewhat less than the control, but 


the toxicity was not so great. 
enhanced by 5x10-4M, and it was 
decidedly inhibited by 5x10-3M. 


the experiment indicated in Fig. 1, com- 


In 


parisons were made of oxygen uptake 
when the sucrose content of the me- 
dium was maintained constant and 
the cobalt concentration was altered. 
it 
that cobalt alone seems to exert 


From these experiments is clear 


favorable effect on the growth of 
Lilium pollen; but information from 
the present experiment does not refer 
to the physiological role of this metal. 

Recently Thimann reported that 
cobalt (given as chloride) increases 
the elongation of etiolated pea stem 
sections in auxin and its effect is al- 
most doubled 
sucrose, and suggested that cobalt pro- 


in the presence of 


motes some step in oxidative metabo- 
lism which normally makes a source 
of energy (perhaps ATP) available for 
growth and diverts it from other 
metabolic roles. 

However, further studies will be 
necessary to decide this possibility, but 


fl. Op uptake per 10mg.fresh weight of pollen 


On the other hand, the oxygen uptake was abnormally 


roo} 


20 45 60 75 90 


15 105, 


Time in minutes 


Fig. 1. Effects of various concentrations of 
cobalt sulphate on the oxygen up- 
take of Lilium pollen. 

— x control, @———@ 10-5M, 
O——o 5x10-4M, 9@— @ 10-4M, 
@——© 5x 10-*M cobalt sulphate. 


Arrow shows time at which the side arm 


was emptied into respiration flasks. 
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it is inferred that cobalt is an essential constituent of Liliawm pollen. 


3. Effects of heavy metals on toxicity of chelating agents. 

If the growth-inhibitory effect of these chelators is due to their depriving the 
pollen plasma of essential trace elements, it should be possible to prevent it by adding 
the appropriate element to the culture medium. 

As is stated in above sections, it was found that either chelating agents at 10°4M 
or heavy metals (except cobalt and manganese) at 10-4M caused decreases in pollen 
growth and oxygen uptake of about the same magnitude, 20-40 per cent. 

Tests with Lilium pollen showed that cobalt reduced the toxicity of EDTA and 
oxine. Mixtures of other heavy metals and chelating agents were, however, more 
toxic than the chelating agents alone. Table 5 shows the effects of adding 10-4M 
copper, iron, zinc, cadmium, manganese, nickel and cobalt to Liliwm pollen in the 
presence of 10-4M EDTA. 

Cobalt caused a highly significant decrease in the toxicity of EDTA for the growth 
of pollen. It had a similar effect on the toxicity of 10-4M oxine. However, when 
cobalt was added in a concentration of 5x10-3M, and then the rate of respiration 
was measured, the oxygen uptake was found to be markedly enhanced up to 120 per 
cent of the control. Similar findings for bacteria have recently been made by Albert 
et al.>), 

Copper increased the growth-inhibitory effect of chelating agents. In this series 
of tests, no germination was obtained. 

Furthermore, other metals also increased the growth-inhibitory effect of chelating 
agents. In these tests, the tubes were extremely crooked and exhibited a strong ten- 
dency to burst after 15 hours culture. 

Nickel combines more readily than cobalt with most chelating agents.) If cobalt 
acts by competing with other heavy metals to form a non-toxic complex®, then nickel 
might be expected to be equally effective. This possibility was examined but with- 
out success. There is little doubt that, for the growth of pollen, EDTA and oxine 
were more toxic in the presence of nickel (Table 5). 


Table 5. A comparison of the effect of 10-4M heavy metal ions on the toxicity 
of 10-4M EDTA for the growth of Liliwm pollen. 


EDTA plus following metal 
Control! EDTA |—— ‘ a = 

nae = Copper| Cadmium | Nickel | Zinc | Iron _Manganese | Cobalt 
Percentage | i | | | 
of germina | +++ | ++ Sa) viet toot t ltt] Fee [et es+ 
Mean tube | | | | 
length in 8.14 5.96 0 0.93 2.18 | Boo || doles | 6. 72 7. 64 
A | | i 


Magnesium and calcium were not effective in reducing the toxicity of these 
chelating agents. 


However, manganese was slightly effective in reducing the toxicity of these 
chelating agents. 
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From these experiments it is suggested that growth-inhibitory effect on pollen of 
these chelating agents may be dependent on combination with trace concentration 
of copper and other heavy metals, and that the antagonistic effect of cobalt may be 
due to its protecting a certain important chemical machinery. 


Summary 


1. The effects of chelating agents and their metal complexes on the growth of 
Lilium pollen were investigated. 

2. A remarkable mutual antagonism was found in experiment using EDTA and 
oXine. 

3. Cobalt, given as sulphate, was found to enhance markedly the oxygen uptake 
and the growth of pollen. 

4. The toxicity of EDTA and oxine was reduced by the addition of cobalt, and 
only slightly by manganese. 

o. It has been inferred that cobalt and EDTA (10-5M) act on promotion of pollen- 
growth through different mechanisms. 

6. It has also been suggested that at least in Lilium pollen-growth, cobalt may 
be an essential trace element. 


The writer wishes to express his gratitude to Prof. S. Hori for his kind encourage- 
ment and valuable advice throughout this work. 
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Introduction 


As is well known, the chloroplast displays its photosynthetic activity to a limited 
extent outside the intact cell; namely, the chloroplast suspension evolves an apprecia- 
ble amount of oxygen under illumination in the presence of leaf extract 1,18 or 
certain oxidants®), 13),20),21), 22), 23),24),27),34) in accordance with the process of Hill-reac- 
tion2°),20),23). In relation to this matter, our attention is drawn, however, to an im- 
portant problem, whether the chloroplast is capable of performing its inherent func- 
tion of starch formation even in the absence of mother cytoplasm. In order to answer 
this question, a number of researches have been carried out by several authors®,”, 
8) ,9), 10), 11), 14), 15), 16),17),19), 24), 25), 26) | 

Lubimenko2®) had succeeded at first in releasing plastids from the other cyto- 
plasmic components by means of tissue-autolysis. The released chloroplasts obtained 
by him remained green and apparently alive during nine month period. Later, Flint12) 
also obtained, by UV-irradiation of Azolla-cell, several isolated chloroplasts, which were 
still capable of dividing by themselves and also of synthesizing starch in the absence 
of both nucleus and cytoplasm. 

Recently, Arnon (1955) published a paper entitled “The chloroplast as a complete 
photosynthetic unit,” in which he stated that the isolated spinach chloroplasts not 
only split water to evolve oxygen but also reduce carbon dioxide into carbohydrate), 
DY) fy 

According to the experiments of Thomas ef a/.2%,3%,3 carried out on suspension 
of Spirogyra chloroplasts, the rate of photosynthesis was found to be quite similar to 
that of the chloroplasts in intact cells. 


In view of the overwhelming concept that the isolated chloroplast has no capacity 


* Supported in part by grants from the Scientific Research Fund of the Ministry 
of Education. A part of this study was published preliminarily in Bot. Mag. Tokyo, 
62: 62, (1949)32, 
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Japan. He APACER eee. 
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of fixing carbon dioxide, it is important for us to carry out further examinations on 
this matter by means of newly designed experimental procedures. 

In 1949, the present author briefly noted his earlier findings, that the chloro- 
plasts isolated into a vacuole of the same cell were, indeed, capable of producing starch 
grains», The experimental technique applied consists in translocating plastids in 
sifu into vacuoles by ultrasonic waves?®), 

The present paper comprises further studies 
concerning viability and function of the chloro- 
plasts isolated by ultrasonic treatment. 


Materials and liethods 


Materials used in this experiment were 
leaf cells of Elodea densa and cells of Spirogyra*, 
which were made free from starch grains 
altogether by keeping in the dark. An _ isola- 
tion of the chloroplasts was achieved by follow- 
ing procedure: 


fa 


Isolation of chlrorplasts by means of ultra- 


sonic waves. 


As previously reported), leaf blades of He 5 iS 
Elodea or filaments of Spirogyra were put ona ea can 
thin glass slip and mounted with water and 


1 
1 
‘ 
' 


covered with a small piece of cover slip. This ae 
was set on a quartz plate vibrator under the B ie eae 
microscope (Fig. 1). The vibrator consists of Ey ae 


a disk 20 mm. in diameter, 2mm. in thickness, 


w 
equipped with a transparent window 5mm. in cee? 


diameter at its center. Between the glass slip g 

mp g q 
Fig. 1. Diagramatic representa- 

tion of the equipment for ultra- 

of the ultrasonic waves. The distance between sonic treatment. 

A: surface view. B: lateral view. 


and the vibrator, an aqueous layer was inserted 
in order to bring about an efficient transmittance 


the material and the vibrator was about 1 mm.. 
a: adhesive plaster, e: electric 


The wave length of the ultrason applied was ca. wite 6: coverslip, pi eiass plate, 


1mm.. The waves were applied to the material m: plant metrial, mp: metallic 
for 20 to 30 seconds. The intensity of the plate plate, o: Sal age the ee 

; : quartz ate, Ss asiide 
electric current of the apparatus was 50 mA ei claha Sate P 


glass, w: water. xca. 0.7 


(200 V>. 


* Cell of Spirogyra was 92 # in diameter and 150 to 410 w in length. Each cell contained 
five chloroplast bands of spiral form. Cell membrane was covered with jelly-like sheath of 
3 » in thickness. 
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By appropriate action of ultrasonic waves, a number of solitary chloroplasts*, 
several aggregates of chloroplasts and the cytoplasmic fragments with or without 
chloroplasts were liberated from the mother cytoplasm** of Elodea-cells and passed 
into the vacuole. In Spirogyra, the chloroplast band was disrupted into fragments, 
and then transferred into the vacuole. 

After ultrasonic treatment, materials (Elodea leaves or Spirogyra filaments) were 
cultured in moist chambers by the agar-plate method33), or else in tap water in glass 
vessels. Some of the cultures were exposed to diffuse day light through the window 
and the others were illuminated with fluorescent lamp (20 W) at 20cm. distance 
(temperature: 20+2° or 742°). 

The production and consumption of starch grains in chloroplast fragments of 
Spirogyra were also examined under intermittent illumination at 1143°. 

The starch grain formed by the isolated chloroplasts was carefully compared in 
amount under the microscope with that formed by the chloroplast in the mother cyto- 
plasm as well as by the chloroplast in the intact cell. 


Results 


1. Experiments with isolated chloroplasts of Elodea leaf cells. 

By appropriate treatment of E/o- 
dea \eaf cells with ultrasonic waves, 
solitary chloroplasts, aggregates of 
two or more chloroplasts and cyto- 
plasmic fragments with or without 
chloroplasts, all vibrating in Brow- 


nian motion, were brought into the 


Fig. 2. A leaf cell of Elodea densa containing vacuole (Fig. 2). Under the micro- 


solitary chloroplast and chloroplast aggregates : 
: ‘ : scope, no solitar 
isolated into the vacuole by means of ultrasonic P ste chloroplast Wes 


en found to be accompained by cyto- 
plasm, whereas the chloroplast-ag- 
gregates appeared to have a minute 
amount of cytoplasm as cementing 
material and/or surrounding cyto- 
plasmic film. 


ae, On further culture of the treated 
Figeola Starch formamen te leaves on agar-plates or in aqueous 
Elodea chloroplasts ultrasonically media, starch formation in the iso- 


isolated (after 16 days). 1,00 
( ays. at lated chloroplasts became more 


* «Solitary chloroplast’ means a single chloroplast free from cytoplasm and nucleus. 
** Mother cytoplasm means cytoplasm with a nucleus. 
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distinct, and the number of chloroplasts containing starch was statistically examined 
in both cases. Results were almost identical in two different cultures. 

The solitary chloroplasts as well as the aggregates of two to seven chloroplasts 
retained green color in the vacuole during 16 to 24 day period (temperature: 20+2°), 
and appeared to be more active in starch formation in comparison with the chloro- 
plasts embedded in the mother cytoplasm (Fig. 3). But, the former became gradually 
pale green towards the end of 16 to 24 day culture, resulting in alveolar or granular 
structure characterizing a necrotic symptom, and the latter became smaller and 
smaller in size and more and more yellowish in color, showing a symptom of de- 
generation. 

On the other hand, no formation of starch grains took place in the chloroplasts 
accompanied by much cytoplasm. Such chloroplasts became gradually smaller in size 
and paler in green color. In several cases, it was observed that the cytoplasm had 
undergone swelling and autolysis due to ultrasonic damage, and that the chloroplasts 
Were practically free from cytoplasm and vibrating in Brownian motion. They were 
small in size, green in color and varied in form, and never produced starch grain. 
Such forms of chloroplast resembled those which were previously obtained by Lubi- 
menko) on autolysis of tobacco leaf cells. 

The results mentioned above are summarized in Table 1. 

Table 1. Starch formation in chloroplasts isolated by ultrasonic treatment. 


Leaf cells of Elodea densa were exposed to ultrasonic waves and then cultivated 
for 6 days. Formation of starch in chloroplasts was detected by iodine-staining. 


uae) 2 jenloreplasts Percentage of chloro- 
Chloroplast Seo ssig edi ny Peacn plasts, showing posi- 
Positive Negative tive iodine reaction 
Solitary chloroplast | 5 11 31 
Aggregate of 2 chloroplasts 6 14 30 
Aggregate of 3 chloroplasts Pah 15 58 
Aggregate of 4 chloroplasts 24 8 75 
Aggregate of 5 chloroplasts | 40 5 89 
Chloroplast in the mother cytoplasm 0 30 0 
Chloroplast in the intact cell | 3 30 9 
Total | 99 113 


As shown in Table 1, starch formation occurs in 31 % of the solitary chloroplasts 
observed and moreover, in chloroplast aggregate it is favored by an increased number 
of component chloroplasts. In contrast with this, no chloroplast in mother cytoplasm 
produced starch grain, whereas in an intact cell the starch formation was observed 
only in 9 % of the chloroplasts under the present culture conditions. 

The starch grains formed in isolated chloroplasts increased gradually in size 
during 10 day culture in spring (20+2° from April to May), and during 23 days in 
winter (7+2° from Dec. to Feb.), and thereafter self-digestion took place before necrotic 
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symptom appeared in each chloroplast. The chloroplasts, no matter how isolated or 
in mother cytoplasm, remain alive during 10 to 24 days in spring and 40 to 55 days 
in winter. 

2. Experiments with isolated fragments of Spirogyra-chloroplasts. 

After treatment with ultrasonic waves, Spirogyra filaments were cultured on an 
agar-plate (11+3°). In this experiment, several cells were viable for a long period 
of time (44 days and more), and even in some of the cells, in which chloroplast had 
been disrupted and some of its fragments dislocated into the vacuole, cell division 
could be observed. 

The production and the following consumption of starch grains in isolated frag- 
ments of chloroplast were shown in Table 2 (cf. Fig. 4). It is seen from the table 
that the starch grains are formed in chloroplast fragements more than 10 to 15y in 
diameter, but not in fragments less than 7, in diameter. Chloroplasts in mother 
cytoplasm or in an intact cell are capable of forming starch grains, the amount of 
which is, however, smaller than that in isolated fragments under the same experi- 
mental conditions. The starch grains once produced are gradually digested in the 
dark and disappear almost entirely after 24 to 42 days. When illuminated, starch 


Table 2. Production and consumption of starch grains in isolated chloroplast 
fragments of Spirogyra in light or dark. (-: no starch, +: minute amount, ++: 
fairly large amount, +++: large amount, ++-+4+4: remarkably large amount of 


__ starch). 
March April 
Date | 1 <5_.14 25. 4° 12 44 : 
5 4 ; oy yon a ie ; Diameter of iso- 
ays after treatment wit i ; lated chloroplast 
ultrasonic waves | Y sie ale Ohya fragment Ga [) 
Conditions | dark light dark # 4 ~~ W light 
Isolated chloro- 
Cell plast fragment | ea es a id 
sample = = 
A Chloroplast in 
mother cytoplasm pe NR are ON: a Jt 
Isolated = chloro- 
plast fragment | St es = eee 10 
Cell CNon 1) 
sample - 
a " (No. 2) oe ee es ee 10 
Chloroplast in 
mother cytoplasm a es tee 
Isolated chloro- 
plast fragment SS ee Se 8 
CNom 5) 
Cell OR ie. seein Cae 7 
sample 
C " (No. 3) — th dh +H = 15 
1 (No. 4) — tt dh odo + + 14 
Chloroplast in 
mother cytoplasm SSA OL ene ee eer 
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formation commences to take 
place in some isolated chloro- 
plast fragments as well as 
in the chloroplast in mother 
cytoplasm. 

Measured from the appa- 
rent size of starch grains pro- 
duced, the activity of starch 
formation in the isolated frag- 
ments of chloroplasts appeared 
to be 8 to 27 times as great 
as that in the mother cyto- 
plasm (Table 3). 

It that, 
contrary to the case in Elodea, 


is noteworthy 


the chloroplasts of Spirogyra, 
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7 
Fig. 4. The formation and consumption of 
starch grains in an _ ultrasonically isolated 


chloroplast fragment of Spirogyra (top), and an 
intact chloroplast band in the mother cytoplasm 
(bottom). Observed: (1) immediately after 
treatment, (2) after 4 days, (3) after 13 days, 
(4) after 24 days, (5) after 31 days, (6) after 42 
days, (7) after 44 days. (1), (3)—(6): kept in the 
dark room, (2) and (7): stood inside the window 
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under diffuse day light. x 430 


whether isolated from or embedded in the mother cytoplasm, invariably remained 


green and active throughout the entire course of observation. 


Table 3. 
ultrasonic treatment. 


Starch formation in fragments of Spirogyra-chloroplast isolated by 
On the 4th day culture, the volume of each starch grains 


was calculated from the average length of its diameter measured with the 


micrometer. 
Starch grains 
| Sample A ____ Sample B Sample C 
|In isolated| In chloro- |In isolated| In chloro- |In isolated| In chloro- 
fragment of|plast with\fragmentof|plast withfragment of/plast with 
chloroplast mother  jchloroplast mother |chloroplast mother 
(a) cytoplasm (a) cytoplasm (a) cytoplasm 
J ¥ (b) (b) (b) 
Diameter in 
(average of 10- 3 1 2 1 Bn0 2 
23 starch grains) 
Volume in 14,094 Ora2Z 4.176 0. 522 Ppt) 0.902 
Ratio of average 27.0 8.0 24. 81 
volume (a/b) 
Discussion 


Recently, Arnon (1955) and his co-workers!),”),3),® succeeded in demonstrating the 
genuine photosynthetic function of chloroplast after its isolation into cell-free media 
by means of their grinding technique.* Similar results were also reported by Thomas 


* Arnon ef al!,?’,3) and Arnon! ground spinach leaves in 0.35 M NaCl or 0.5 M glucose 
under chilling, and separated whole chloroplasts by centrifugation at 1,000 g for 7 minutes; 
and after washing, the sediment was resuspended in NaCl or glucose solution. With this 
preparation they could demonstrate the whole process of photosynthesis. 


332 mw Mm HR BB BMG Hg 33 fF 10 A 


et al2,30,2) with the chloroplast fragments of Spirogyra. In search for a new 
isolation technique easily available under the microscope, the present author has 
devised the “intracellular micrurgical method” using ultrasonic vibration. This 
enables chloroplasts to translocate easily from cytoplasm into vacuole without dis- 
integration of the cell wall. 

By this method, chloroplasts of Evodea leaf cells were successfully brought into 
vacuoles in an isolated or aggregated state. With these isolated chloroplasts, starch 
formation was clearly demonstrated. The same fact was also ascertained with the 
chloroplast fragments of Spirogyra isolated by the ultrasonic waves. It is noteworthy 
that the chloroplasts free from both cytoplasm and nucleus appeared to be more active 
in starch formation than those having much cytoplasm containing no nucleus and 
than those in intact cells of a detached leaf. Such an accumulation of starch grains 
in isolated chloroplasts in the vacuole is, of course, due to the maintenance of an active 
starch formation in individual chloroplasts on the one hand, and is also to be accounted 
for by the assumption that the isolated chloroplasts are free from mother cytoplasm 
on the other, which may consume or transform the accumulated starch grains into 
an invisible state. 

Now, our attention should be drawn to the following two points: the one is 
whether the solitary chloroplasts showing the ability of starch formation are practically 
accompanied by no cytoplasmic layer, and the other is whether the isolated chloro- 
plasts devoid of photosynthetic ability are damaged in their submicroscopic structures, 
in their permeability and/or in their physico-chemical properties. 

As regards the first problem, it is uncertain whether the isolated chloroplasts 
are completely free from cytoplasm, in so far as the microscopic observations are 
concerned. Even if the isolated chloroplasts were covered with submicroscopic film 
of cytoplasm, it is not conceivable that such a minute amount of cytoplasm would 
be essential for the photosynthetic process, except for the maintenance of surface 
structure or semipermeability of the isolated chloroplasts. In this connection, it 
should be remembered that an excess of cytoplasm was found rather to be unfavorable 
for starch formation. 

Concerning the second problem, it appears that drastic manipulations used by 
many workers for the isolation of the chloroplasts, e. g. squeezing or grinding of the 
cells, may possibly change the fine structure (physico-chemical state) of the intact 
chloroplasts, resulting in a loss of photosynthetic activity. This view may well be 
supported by our observation that the permeability of the chloroplast appreciably in- 
creases after such drastic treatment Cunpublished). 

As mentioned above, Arnon, and Thomas ef al‘9),30,3) have, however, shown 
a the chloroplasts isolated by their grinding method could evoke photosynthesis 
indeed. This finding is of great importance, in view of a general concept that the 
isolated chloroplasts are capable of splitting water molecule photochemically, but in- 


capable of fixing carbon dioxide for the purpose of starch formation. Their statements 
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are in good accord with our findings on the chloroplasts isolated by ultrasonic method 
in relation to the photosynthetic activity. 


Summary 


1. By an appropriate treatment with ultrasonic waves, the chloroplasts of /Vodea 
densa and the fragments of chloroplast band of Spirogyra were liberated from the 
cytoplasm and brought into the vacuole within the same cell. In these isolated chloro- 
plasts the formation of starch was demonstrated photosynthetically. 

2. The amount of starch formed in the isolated chloroplasts which were free from 
cytoplasm and nucleus was larger than that formed in the chloroplasts embedded in 
cytoplasm with or without the nucleus or in intact cells of a detatched leaf. 

3. The isolated chloroplasts remained alive so long as 55 days in the vacuole of 
the mother cell. The starch grains once formed in the isolated chloroplasts were 
consumed gradually in the course of cultures in light or dark conditions. 

4. The isolated chloroplasts of E/odea remained green in color, indicating their 
normal state, while those in the mother cytoplasm became smaller in size and more 
yellowish in color, showing a symptom of degeneration. However, in Spirogyra, the 
isolated chloroplast fragments with or without mother cytoplasm remained green in 
color through the entire course of experimentation. 

5. It was discussed whether the isolated chloroplasts having the ability of starch 
formation were entirely free from cytoplasmic layer, and whether the isolated chloro- 
plasts deprived of photosynthetic ability would suffer from any damages in their 
submicroscopic structures or in their physico-chemical properties. 
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Addendum 


After this papar was submitted to the press, the author has found the publica- 
tion of A. Moyse in which he reported that “isolated chloroplasts possess an en- 
zymatic equipment, which is capable of performing all steps of photosynthesis in the 
presence of light. This is possible iz vitro in the absence of living cells, whereas 
complete chloroplasts are required.” (Année Biol. 32: 5 (1956): Biol. Abst. 31: 
DUS SG SVOW) 
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Reviews),2),3,4,9) and reports concerning the nuclei of microorganisms are not 
rare. Recently, observations on the nuclei of various species of microorganisms were 
published and even the mitosis®,”,®,910) was observed on some species. 

There are some nuclear staining techniques according to which the nuclear sub- 
stances are stained with the basic dyes after removal of basophilic cytoplasm by 
suitable treatments. Though there are many discussions regarding the nuclear 
staining, even on the Feulgen reaction, authors, however, do not touch on this prob- 
lem in the present study. 

So-called Robinow’s hydrochloric acid-Giemsa method (Robinow’s method) which 
was introduced by Piekarsky!) and developed by Robinow® has been generally used by 
many workers since this method is very simple and good for obtaining clear prepa- 
rations within a short times. 

Plotho!2) studied some strains of Actinomycetaceae (A, B, C, D, G, St, Sm, M, J, 
and My) isolated from the forest, desert land, old coagulated milk and nodule, and 
published clear microphotographs of the nuclear substance of spores in some strains. 
Carvajal!3) studied on S. griseus by the aid of electron microscope, and reported the 
spores were uninucleate or mutlinucleate. 

Klieneberger-Nobel!4) stained the nucleus of A. gardneri N. C. T. C. 6531, A. 
albosporus N.C. T. C. 1578, A. chromogenes N. C. T. C. 1569 and A. madurae N. C. T. 
C. 1070, and studied on the life cycle, germination and sporulation-process of Actino- 
myces. He described that the nuclear cylinder of the secondary hyphae was divided 
into a pair of chromosomes which change into the nucleus of the spore. Webb, Clark 
and Chance!5) stained the nucleus of Nocardia corallina (ATCC-4273), N. blackwelli 
(ATCC-6846) and S. griseus (ATCC-10137). They applied Chance’s method! and 
examined the conditions of the nuclear staining. It was shown that the concentra- 
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tion of nigrosin for good decolorization was 5% for N. corallina and S. griseus, and 
1% for N. blackwelli. Hagedorn? observed nuclei in the spores, germ tube and 
mycelium of S. aureofaciens with the phasecontrast microscope, and studied on the 
influeuces of the several neutral inorganic salts. 

In the present study the writers studied on the number and shape of nuclei of 
the spores in Streptomyces. 

The conditions of the staining of the spores were examined on S. lavendulae at 
first, then observed on the nuclei in the spores of Streptomyces which belong to A group 
according to seventh edition of Bergey’s “ Manual of Determinative Bacteriology ”!®. 


Methoas and Results 


1. Determination of the conditions of the nuclear staining of the spores of Strepto- 

myces. 

S. lavendulae ATCC-8664 was used for the experiment. It was cultivated on 
Bennet’s agar slant at 28° for about two weeks. Robinow’s method was used for 
the fixation, hydrolysis and Giemsa’s staining. 

A small block of agar on which the culture was heavily sporulated was. cut off 
and impression preparations were prepared. These preparations were dried and fixed 
with osmium tetraoxide vapor (2 % solution). 

After fixation, it was washed with tap water and hydrolyzed with 1N-hydrochloric 
acid. After washing, it was stained with Giemsa’s solution and then examined with 
a microscope. 

1) Time of fixation. 

Time of fixation using osmium tetraoxide vapor was one, five, ten, thirty or sixty 
minutes. The material was hydrolyzed with 1N-hydrochloric acid for ten minutes at 
97-08° and then stained with Giemsa (1:20) solution for thirty minutes. 

Nuclei were stained well in all cases and no significant difference of results 
was observed within these time ranges. 

2) Temperature and time of hydrolysis with 1N-hydrochloric acid. 

Time of hydrolysis was two, five, ten, thirty or sixty minutes. The temperature 
was 40°, 50° or 60°. The material was fixed for 1.5 minutes and stained with Giemsa 
for thirty minutes. 

At 40°, hydrolysis within two to ten minutes was insufficient, nucleus and spore- 
plasm were not discerned by two to five minutes hydrolysis; good results were 
obtained by thirty to sixty minutes hydrolysis. 

At 50°, with two minutes hydrolysis nucleus was not discerned at all. With ten 
to thirty minutes hydrolysis it was stained clearly. With sixty minutes hydrolysis 
nucleus was not found at all and spores were stained lightly. 

At 60°, with five to ten minutes hydrolysis the nucleus stained clearly. Thirty 
to sixty minutes hydrolysis nucleus was not discerned. 

3) Concentrations of Giemsa’s solution and the time of staining. 
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One part of Giemsa original solution was mixed with five to forty parts of dist. 
water. 

Other condtions were as follows: The vapor of the 2 % osmium tetraoxide solu- 
tion was used to fix the material for one to 1.5 minutes. The hydrolysis was done 
with 1N-hydrochloric acid for ten minutes at 50°. . 

There was no difference with these concentrations and time ranges in results. 


2. Obeservations on the nuclear substances of the Spores in various species of 


Streptomyces which belong to A group. 
A group according to Bergey’s classification does not produce the soluble pigments 
on the organic media. 
1) S. albogriseolus NRRL-B-1305 (Microphoto. 1) 


7a) 


Microphoto. 1. S. albogriseolus NRRL-B 1305. There were a few rod-like 
and dumbbell shaped nuclei. None-nucleate spores exist rarely. 


NNS: none-nucleate spore 


One nucleus was observed in each spore which was irregular in size. Usual 
form of the nucleus is spherical or ellipsoidal, but there are a few rod-like and dumbbell 
forms. Dumbbell shaped nucleus has been reported in /. coli and B. megatherium. 
It has been located at right angle against at long axis of the cell, but the dumbbell 
shaped nucleus of the spore in S. albogriseolus NRRL-B-1305 is situated along the 
long axis, according to our observation. 

Spores which have two nuclei were rare. 

2) S. sp. NRRL-2288 

Uninucleate at all. 

3) S. coelicolor 9023 (Microphoto. 2) 

Most of the spores of this strain are uninucleate, but rod-like and dumbbell shaped 


nuclei are not so rare. 
The existence of two nuclei in a spore is obvious, but three nuclei are not seen 


ale ull 
These distributions were shown in Table 1. 
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Microphoto. 2. S. coelicolor 9023. Spores are irregular in size. Various 
types of nuclei are shown, rod-like and dumbbell shaped. 


DSN : dumbbell shaped nucleus 


Table 1. Distribution of the shapes of nuclei in S. coelicolor 9023 


Shape. of nucleus Distribution % 
S : 7 87 
= | 7 7 
<> 8 
<= 5 
others 2 


4) S. californicus ATCC-3312 

Uninucleate at all. 

9) S. flaveolus P-10 

Uninucleate at all. 

6) S. rimosus NRRL-2234 

Nucleus is observed, but the sproe coat and spore plasm are not observed sepa- 
rately. 

7) S. griseoflavus #305 (Microphto. 3) 

Nuclear substance is stained clearly. There are various types of nuclei; namely, 
dumbbell shaped and two nuclei. The shape of the spore which has a dumbbell 
shaped nucleus or two nuclei was longer than usual spore. 

These distributions are shown in Table 2. 


The dumbbell shaped nucleus of the spore in S. griseoflavus * 305 differs from 
that of S. coelicolor 9023. Two nuclei are jointed with a thread-like structure in the 


former. This thread-like structure may has a special role in physiological function 
of the spore. 


Specially large nuclei were observed rarely. 
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Microphoto. 3, S, griseoflavus #305. Dumbbell shaped nucleus is thought 
to be that two nuclei, jointed each other with a thread-like structure. Specially 


large nuclei are observed. 


RLN: rod-like nucleus SLN : specially large nucleus 
TN : two nuclei TLS : thread-like structure 


Table 2. Distribution of the shapes of nuclei in S. griseoflavus #305 


| Shape of nucleus Distribution % 
| S _ 87 

eS) 9 

<>) 2 
a — = : 


8) S. flavovirens ATCC-3320 


Uninucleate at all. 
9) S. griseoluteus P-37 (Microphoto. 4) 
Two nuclei are comparatively many, rod-like and dumbbell shape are rarely 


observed. 
The cases of three nuclei are very rare, but the nuclei are observed clearly. 


These distributions are shown in Table 3. 


Table 3. Distribution of the shapes of nuclei in S. griseoluteus P-37. 


Shape of nucleus Distribution % 


92 


0.5 


0.5 


810 90 0 
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Microphoto. 4. S. griseoluleus P-37. Various types of nuclei are shown. 
Three nuclei are very rare, but observed clearly, 


RLN: rod-like nucleus TN : two nuclei 
DFN : dumbbell shaped nucleus THN: three nuclei 


The distributions of the number and shape of nuclei in the spores of Streptomyces 
which belong to A group are shown in Table 4. When counted, rod-like nucleus 
was counted as uninucleate. 


Dumbbell shape nuclei are counted as two nuclei. 


Table 4. Distributions of the number and shape of nuclei in the spores of 
Streptomyces which belong to A group. 


number % | Shape % 
Strains = : | 2 ToT ae 
1 2 18 SD | & | &) | GD | others 
S. albogriseolus NRRL-B-1305 100 | rare — 100 rare | rare | rare =, = 
S. sp. NRRL-2288 100 — = 100 — — — — ; 
S. coelicolor 9023 85 18 = 78 7 8 we 2 
S. californicus ATCC-3312 100 = = 100 = = rs =a, 
S. flaveolus P-10 100 = — 100 = ; —, = ae 
S. rimosus NRRL-2234 100 = ail 100 abs st GF a 
S. griseoflavus #305 96 4 ' — 87 9 2 2 =F 
S. flavovirens ATCC-3320 LOOT” SU gg ay te at oe ete | toe 
ae —— L nucleus 
S. griseoluteus P-37 9255) 9 On5 il 92 025 (55 6 — 


Discussion 


Nine strains which belong to A group of Streptomyces were nuclear stained and 
observed. Following six strains were uninucleate at all: S. sp. NRRL-2288, S. cali- 
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fornicus ATCC-3312, S. flaveolus P-10, S. rimosus NRRL-2234, S. flavovirens ATCC-3320 
and S. albogriseolus NRRL-B-1305. . 

S. albogriseolus NRRL-B-1305 seems to be uninucleate, but the existence of two 
nuclei was recognized. 

Two nuclei were recognized more than 10 % spores of S. coelicolor 9023. It is 
very remarkable that three nuclei have been observed in S. griseoluteus P-37 obviously. 
The distributions of the number and shape of the nucleus are shown in Table 4., 
but the percentages are not so strict, because these percentages have been examined 
by counting of the nuclei of several hundreds spores upon which clear observation 
has been possible. 

The shape of nucleus is spherical or ellipsoidal, and nucleus is situated at the 
center of spore. 

In general, the spore which has two nuclei is larger than usual one. 

When two nuclei come in contact each other, these may be observed as a dumb- 
bell shape. At first glance, it seems that dumbbell shape is due to incomplete 
observation by microscope. It is observed, however, in S. griseoflavus #305 that a 
thread-like structure is connecting two separated nuclei in a spore. This fact may 
show that dumbbell shape is not merely formed by the contact of two nuclei. The 
meaning of the rod-like nucleus should be considered carefully. Beutner reported 
rod-like nucleus in the stage of mitosis in a cell of B. megatherium. He called it the 
axial chromatin. The present writers can not understand the rod-like nucleus of the 
spore of S. griseoflavs #305 as the same figure as the axial chromatin of B. mega- 


therium. 


Summary 


In this paper, nuclear substance of the spore in Streptomyces was studied in con- 
nection with the general cytological studies. 

The conditions of the nuclear staining of the spores were examined and observed 
on the nucleus in nine strains of Streptomyces which belong to A group. The results 
were as follows: 

1) Six strains out of the nine most spores were uninucleate. In this case, the 
shape of nucleus was generally spherical or ellipsoidal. 

2) In four strains out of nine, namely S. coelicolor 9023 (13 %), S. griseoluteus 
P-37 (6.5 %), S. griseoflavus #305 (4 %) and S. albogriseolus NRRL-B-1305 (rare), two 
nuclei were observed in one spore. 

3) Three nuclei were rarely observed in the spores of S. griseoluteus P-37. There 
were no strains which have more than four nuclei in one spore. 

4) In some spores of S. coelicolor 9023, S. griseoflavus #305, S. griseoluteus P-37 
and S. albogriseolus NRRL-B-1305 the rod-like or dumbbell shaped nucleus was observed. 

5) Abnormally large nuclei were observed in the spores of S. flavovirens ATCC- 


3320. 
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Developmental Mechanics of Fucaceous Algae XI. Liberation 


of Small Bodies in Coccophora Eggs* 
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In the oogenesis of Fucaceous algae, the diploid mother nucleus of the oogonium 
undergoes three successive divisions resulting in eight haploid nuclei. Then, in 
Fucus, the contents of the oogonium are divided into eight equal parts and each 
appropriates one nucleus, so that eight oospheres are born from the same oogonium!). 
In Carpophyllum flexussum”, Cystophyllum cisymbrioides!” , Hizikia!8, Sargassum)”, and 
in Turbinaria®), different from Fucus, the contents of the oogonium are not divided, 
so that but one oosphere, containing eight nuclei, is born. There are several types 
between these extremities. In Hormosira?, for instance, four cospheres develop in 
the same oogonium, each containing one nucleus, and the other four nuclei are 
cast out of the oospheres, there they are degenerated. In Cystoseira®, 1”, only 
One oosphere containing one large nucleus develops in each oogonium, casting out 
the seven superfluous nuclei. As to the oogenesis of Coccophora, some doubts, regard- 
ing the number of oospheres, were expressed by Oltmanns!») in 1889. Afterwards, it 
was studied by Smith!® and was found to develop but one oosphere, as Oltmanns 
presumed. Further, it was observed by Taharal8) that Coccophora oosphere came to 
appropriate only one nucleus as a result of disintegrating seven out of eight nuclei 
in the oospheric cytoplasm. Sometimes, therefore, there develop abnormally matured 
oospheres containing eight nuclei caused by non-occurrence of the nuclear dis- 
integration just as in Sargassum. However, the writer has noticed that there are 
one to several small bodies in the perioospheric space of Coccophora eggs looking 
similar to the eliminated nuclei in the egg of Cystoseira Osmundacea illustrated by 
Gardner2). Their origin, revealed by this experiment, seems to present a further 
evidence indicating a change of the egg membrane after the fertilization, a fact 
which was remarked previously®!2)13). This is the subject-matter of this paper. 

On April 8th, 1958, female branches of Coccophora Langsdorfit were collected 
and cultured at the Marine Biological Station of Asamushi. Before their cultivation, 
the branches were washed with boiled sea water five times repeatedly to remove 
possible spermatozoids attached in the marine. Boiled sea water was used for the 
culture throughout the experiment. The medium was renewed twice a day. By 
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this means, the receptacle was placed under a sterilized condition, i., the egg 
discharge was expected in a completely sperm-free environment. On the other hand, 
male receptacles were picked off, washed, then arranged on filter paper sheeted in 
Petri dishes and wetted with boiled sea water, and covered to retain moisture for 
getting sperm. On 12th April, both the egg and the sperm were discharged. Artificial 
insemination was carried out. Eggs before and after fertilization were observed. 
Brilliant green, Congo red, Janus green B, methylene blue, neutral red, and Nile blue 
were tested for staining the small body. Tannic acid-iron method was applied to 
reveal the structure of the small body and it was successful. Aceto-carmine and 
alcohol solution of Sudan III were also tested. 

It was affirmed that there were one to several small bodies around the oosphere 


(Fig. 1). It is true that their number differs according to the egg, although it is 
difficult to determine the ac- 


curate number because some of 
the small bodies cannot be ob- 
served as they are concealed on 
the other side of the oosphere. 
That is, their locality is not 
definite. The small body is a 
colorless sphere, about 7» in 
diameter. It remains beside the 
oosphere throughout the pro- 
gress of cleavage, and finally is 
disintegrated before completion 
of the embryo. It shines under 
microscope refracting light. The 
small bodies cannot be gathered 
even if the egg is centrifuged 
at 1500 times gravity for 20 
minutes, that is, they are almost 
of the same specific gravity as 
that of the medium filling the 


oospheric space. It had been 


Fig.1. A,B) Smat!l bodies around the oosphere, Cy 
the same stained with Congo red, D) enlarge- thought that the small bodies 


ment of a small body. a, inner wall of the 


mucilaginous coat; b, perioospheric Spaces src, i : 
oosphere. Small bodies are indicated with arrows. ing around the oosphere having 


failed in fertilization. This, 
however, was rejected as it became clear that the smal] bodies were also observed 
before the insemination. Cutting receptacle, still undischarged eggs were inspected, 
but there the small body was not perceived. This indicates that the small body ap- 
pears after the egg is discharged out of the receptacle. However, it is noteworthy 


were spermatozoids degenerat- 
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that the small body is not observed in the egg discharged artificially by Nakazawa’s 
method™, i.e., by means of setting receptacle in a hypotonic sea water diluted to Ls 
in density. 

The origin of the small body was revealed by observation. At first, a clear 
small protuberance arises at a part on the surface of the oosphere (Fig.2). The 
protuberance grows outwards gradually, and finally is liberated as a small body. 
In the unfertilized egg, the liberation takes place successively at various parts on 
the surface until several small bodies are counted. If fertilization occurs before or 
amid the liberation of small bodies, the liberation ceases after an hour or so, though 
only one or two, or sometimes none, have been liberated. The small body is stained 
blue with Nile blue, red with Congo red, but 
is not stainable with brilliant green, eosin, 
Janus green B, methylene blue, neutral red, 


and with alcohol solution of Sudan III. The = ; 
central part of the small body is stained deep - ‘i A 
red with aceto-carmine, revealing a chemical ; / | 
differentiation into the central and the peri- os oo yf | 
pheral substances. By immersing eggs into A RB ‘o D 


0.1 per cent ferric chloride solution after they ist 2s pepation oF smant toes 
are soaked in 0.1 per cent tannic acid for ten 

hours and then rinsed for ten minutes, the small body was stained black revealing 
the same structure as that observed with aceto-carmine. The small body could not 
be dissolved with 70 per cent alcohol. 

The staining with aceto-carmine definitely implies that the small body contains 
chromatin. Therefore, it seems that they are superfluous haploid nuclei eliminated from 
the mature oosphere. However, judging from the fact that the number of the small 
differs according to the egg, it seems that not always all of the seven nuclei are 
body eliminated, but some are disintegrated in the egg cytoplasm. The latter, probably, 
led Tahara!) to elaborate the idea that the superfiuous nuclei were all degenerated in 
the cytoplasm. Further investigations, especially as to the intracellular origin of the 
small body, are required to confirm the present interpretation. The writer’s interests 
are directed rather to the fact that the liberation of small body ceases after fertiliza- 
tion. Because this seems to be another fact in support of the argument that the 
nature of the egg membrane has changed after fertilization. The egg membrane is 
very soft and no or very little cellulose can be detected there, but it becomes thicker 
and cellulose is deposited gradually after fertilization as is known in Fucus®, Hormo- 
sira?, Coccophora and in Sargassum}2,13), Owing to this change, especially in Coccophora, 
the egg form is stabilized, and this results in polarity determination. Making use 
of this change Whitaker! caused Fucus eggs be elongated artificially, sucking 
them into a capillary having a smaller diameter before deposition of cellulose; after 
the egg form is stabilized in the capillary by deposition of that substance, they are 
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jetted out. However, the cellulose deposition seems to begin at least five or more hours 
after fertilization in Coccophora, and the egg membrane is still so soft about an hour 
after fertilization that a morphogenetic movement begins to take place. Therefore, 
some other change in the property of the membrane must be responsible for the 
ceasing of the liberation of the small body, which occurs about an hour after fertiliza- 
tion. On the other hand, it is known that the oil cap is extruded out of the 
oosphere when the egg is strongly centrifuged before fertilization, while this does 
not occur 20 minutes after fertilization”. Similar change was also reported in Fucus®). 
Thus, the ceasing of the liberation of small bodies seems to be caused by a change 
of this kind in membrane properties, a change which occurs within a short lapse of 
time after fertilization. 
Summary 

(1) Small clear protuberances grow and then are liberated from several parts 
on the surface of the unfertilized oosphere of Coccophora Langsdorfii. The number 
of the small bodies liberated was one to several. The central part of the small 
body can be stained with aceto-carmine, implying that the small body consists of 
nuclear substances. 

(2) The liberation of small bodies is considered to be the partial or total 
elimination of the superfluous haploid nuclei, which were born through the meiosis 
of oogonium. They are seven in number theoretically. 

(3) The liberation ceases about an hour after fertilization. This indicates 
that a change is taking place in the nature of the egg membrane after fertilization. 


The writer’s sincere thanks are due to Emer. Prof. Masato Tahara of the Tohoku 
University and to Prof. Shumpei Inoh of the Okayama University for their valuable 
suggestions. 
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The first discoverer of the present alga is J. E. Tilden! who found this alga 
in Yellowstone Park and she reported this alga in 1898 as a green alga and gave a 
new name, Protococcus botryoides forma caldaria. Next in 1901, believing the plant 
to be a blue-green alga, W. A. Setchell!3) made a new combination, Pleurocapsa 
caldaria (Tilden) Setchell. Studying the present alga from Malay, G. S. West) 
described this alga in 1904 as a new member of green algae, Palmellococcus thermalis 
nov. sp., but he referred neither to Tilden’s new forma nor Setchell’s new combina- 
tion. Later in 1933 and -1936 L. Geitler7), ® studied the present alga which was 
found in Sunda Islands and concluded that it was quite a unique species which 
not only belonged to a new genus, but was ranked as a new family and established 
the Cyanidiaceae with Cyanidium caldarium (Tilden) Geitler. In the same year 
(1936) J. J. Copeland?), studying the present alga found in Yellowstone Park, estab- 
lished a new genus Pluto and named Pluto caldarius (Tilden) Copeland, but never 
referred to the Geitler’s new name. 

Many Japanese scientists such as Y. Okadal#, Y. Emoto4,5, Y. Yoneda‘), H. 
Hirose#, and K. Negoro!!) adopted Cyanidium caldarium (Tilden) Geitler as the species 
name of the present alga. In 1950 H. Hirose! emphasized that the present alga 
had to be rearranged to a member of green algae belonging to the genus Chlorella 
and proposed a new name, Chlorella caldaria (Tilden) Hirose. . A little later in 1954 
M. B. Allen! made just the same point of an argument as Hirose’s and proposed a 
new name, Chlorella caldaria (Tilden) Allen. 

Considerations based on the results of the present study lead to a conclusion 
that the systematic position of the present alga comes much nearer between Porphy- 
ridium and Rhodospora of red algae. Consequently the author wishes to establish a 
new generic and specific name, Rhodococcus caldarius (Tilden) Hirose comb. nov. 


Materials and Wethods 


Materials which were used in the present studies were collected by the author 
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tributions from the Biological Institute, Faculty of Science, Kobe University, No. 63. 
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at Jigokudani valley of Noboribetsu spa in Hokkaido besides those collected by Mr. 
Y. Tsubo at Washikura spa in Fukushima Prefecture. These materials were cul- 
tured at our laboratory. Experiments were carried out on these cultured materials. 
In order to ascertain existence of phycocyan, Abbe’s microspectroscope and Beckman’s 
spectrophotometer were used. Feulgen reaction method was utilized for an observa- 
tion of chromatins. To examine properties of assimilatory product, the algal cell 
was treated with jod-jod kali, jod-chlorhydrate and chlorzinkjodine. 


Observations and Experiments 


A. Morphology of acell: Shape of a 
living cell is spherical and contains a 
parietal laminate chloroplast which lacks 
pyrenoid..(Fig. 1 A-G). 

B. Phycocyan: As shown in text- 


figure 2 E, an absorption spectrum of 
ie Structure of “cells, “Ay iB, G 


Matured individual cell: definite cell wall 
and plastid are shown. xca. 2500. D, E, F, scope shows that the strongest absorp- 


Juvenile individual cell; E and F. showing tions are located respectively at a little 
perforation of plastid. xca. 2500. G. spo- 


rangium which contains four endospores, left-side of 700mp and atva little: right 
three of which are drawn.xca. 2500, 1. side of 620my, and one more strongly 
chloroplast. 2. perforation. 3. endospore. absorbed zone between 450my-520myp. 
All figures are redrawn from H. Hirose x ek : 
(1950). The spectrum never coincides with that 


of Porphyridium cruentum (Fig. 2 B), 


cell aggregations through microspectro- 


but shows quite similar 
properties to those of 
phycocyan of a blue- 


_ wave length in mez 


green alga, Phormidium cells of Chlorella 
corium shown in Fig. 2 


cells of Porphyridium 
G: 

Comparing the ab- 
sorption curve of the 
present alga with that 


of Chlorophylls extracted 


from Chlorella renot- ‘ ; 
pyren Fig. 2. Absorption spectra of living cells of Cyanidium 
dosa (Fig. 3) through caldarium, Chlorella pyrenoidosa, Porphyridium cruentum, Phor- 


Beckman’s spectrophoto- midium corium, and water extract of phycocyan of Phormi- 
dium. 


filaments of Phormidium 


phycocyan of Phormidium 


cells of Cyanidium 


meter, two curves in the 
figure 3 show that there exists little difference between the peak I and the peak II 
of the present alga despite the fact that much difference can be seen between the 
peak I and the peak Il of Chlorella pyrenoidosa. This fact can not be explained 
without assuming that there exists one more element of a strong absorption besides 
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chlorophyll @ in a Cyanidium cell. 

The above two experiments lead 
to the conclusion that there exists 
phycocyan within a cell of the present 
alga as M. B. Allen) described 
1954. 

C. Chlorophylls: 
contains merely 


in 


The present alga 
chlorophyll @ and 
Jacks chlorophyll }, as was already 
Clarified by H. Hirose! (1950) and M. 
B. Allen) (1954). 

D. Nucleus: A mode of distribu- 
tion of chromatins within a cell is 
shown in Fig. 4 A-L. Densely aggre- 
that are always 


gated chromatins 


Ce: (22) 
ral a Cas I H 
L . 
S J 

Fig. 4. Distribution of chromatins 
within a cell. A, B. Nucleus-like 
structure. C-H. Endospore forma- 
tion. C. A mother cell containing 


three endospores which contain two 
to three aggregations of chromatins. 
I-L. One of endospores each of 
which respectively contains small 
but condensed aggregation of chro- 
matins. All figures xca. 1900. 
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light absorption of total pig- 


ments in living cells of Chlorella and 


Cyanidium. 


definitely out-lined are observed within a cell. 
This definitely shaped mass of chromatins 
has better be called a nucleus which comes 
nearer to those of Rhodophyceae or other 
higher algae, rather than be called centroplast 
of Cyanophyceae or those of Schizophyceae. 

An 


tion of polysaccharide as an assimilatory 


E. Assimilatory product: identifica- 
product is not completed. However, through 
an observation of colour-tone-changes of cell 
contents when treated with jod-reagents, the 
assimilatory product of the present alga 
glycogen. 
Cell-contents are stained in red, wine-red, or 


comes close to floridean starch or 


brown-red. 


Discussion 


The characteristics of the present alga are newly clarified as follows from the 


above-mentioned observations and experiments. 
(2) Plant is reproduced merely by means of endospore-formation. 


and spherical. 


(1) The plant body is unicellular 


(3) The plant cell has a definitely shaped chloroplast, which is single, and parietal 
laminate, without pyrenoid. (4) The plant cell contains only chlorophyll a and never 
has chlorophyll 6. (5) Phycoerythrin is not contained, but merely phycocyan exists 
as a sort of phycobilin. (6) The plant never produces starch as an assimilatory 
product, but a kind of soluble polysaccharide which comes nearer to floridean starch 


or dextrine. (7) Chromatins aggregate to form a mass which may be called 
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nucleus. When the systematic position of the present alga is considered based on 
the above-mentioned seven characteristics, the following conclusions are reached. 
Firstly being based on the characteristics No. 5 (existence of phycocyan) and No, 6 
(nullity of starch), the alga must be transferred from Chlorophyceae to either 
Cyanophyceae or Rhodophyceae. Lastly being based on the characteristics No. 3 
(existence of a definitely shaped chloroplast) and No. 7 (existence of nucleus), the 
systematic position of the alga must be rearranged into Rhodophyceae. 

The existence of a, «- diaminopimelic acid which “ presents characteristically in 
most bacteria and the few blue-green algae”” was revealed in the present alga by 
M. B. Allen» (1954), and it was also reported by Allen and her co-workers%) (1957) 
that this substance was not in existence in Porphyridium cruentum. And T. Fujiwara 
and S. Akabori® (1954) reported the existence of the substance in Chlorella pyrenoidosa. 
And so the above-mentioned reports never mean, as the present author believes, that 
an alga which has a, «- diaminopimelic acid is not a red alga. 

If a genus nearest to the present alga is sought among Rhodophyceae, two 
genera, Porphyridium and Rhodospora, in the family Porphyridiaceae of Porphyridiales 
present themselves. The reasons are that on one hand Porphyridium aeruginosum is 
a properly qualified unicellular red alga which contains only phycocyan among 
Rhodophyceae and on the other no alga can be reproduced by means of endospore- 
formation but the genus Rhodospora among Rhodophyceae. 

The morphological comparison among genera in Porphyridiaceae and one more 
allied family Phragmonemaceae is shown in Fig. 5. As is shown in Fig. 5, the genus 
Porphyridium is not reproduced by means of endospore-formation and its chloroplast 
is not laminate, but stellate. The genus Rhodospora can indeed be reproduced by 

Rhodococcus 


Shape of fission 
Chromatophore }Phycobilin errct 
(Cyanidium) 


OW, phycocyan 
Porphyridium nige spherical stellate or 
4G phycoerythrin 
spherical discoid phycoerythrin 


Chroothece : > cylindrical | stellate phycoerythrin 
= spherical, 
Vanhoeffenia == ovate or stellate phycoerythrin 


=) 
== 


— 


irregular 
laminate phycoerythrin 


i 


Phragmonema 


E 1g. ae Comparative enumeration of the ch p 
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means of endospore formation, but has many small discoid chloroplasts. It is true 
that the genus Phragmonema has laminate chloroplast, but the shape of the chloro- 
plast is irregular laminate and cells are cylindrical to form a uniseriate filament. 

Thus the present alga can not belong to any of the above-mentioned genera, but 
should be regarded as a new genus among Porphyridiaceae. Moreover the present 
alga has physiologically peculiar characteristics. Namely this alga is not only ther- 
mobiotic but has extraordinally strong heat- and acid-tolerable nature. This nature 
can be considered as one of the characteristics to be added to those of the new 
genus. 

As a final conclusion of the above discussions the author wishes to establish a 
new genus called Rhodococcus (non Hansgirg !) and give the present alga a new name, 
Rhodococcus caldarius (Tilden) Hirose gen. nov. 


Summary 


1. In the present study and the already reported studies of the author, the 
characteristics of a certain thermobiotic alga which has been named Cyanidium 
caldarium, a member of Cyanophyceae were much more clarified, namely ; 

(1) Plant cell is unicellular and spherical. 

(2) Plant cell contains a single parietal laminate chloroplast which lacks 
pyrenoid. 

(3) Plant is reproduced by means of endospore-formation. 

(4) Pigments contained in a cell are chlorophyll @ and phycocyan and there 
never exist chlorophyll b and phycoerythrin. 

(5) Plant never produces starch as its assimilatory product, but may be assumed 
to be floridean starch, glycogen or soluble dextrine. 

(6) Plant cell never shows the differentiation between centroplast and ectoplast 
as will generally be seen in Cyanophyceae but contains definitely shaped aggrega- 
tion of chromatins which must be called nucleus. 

2. Characteristics of genera of Porphyridiaceae and Phragmonema of Phragmone- 
maceae were compared with one another. 

3. By way of conclusion, a new genus, Rhodococcus, (non Hansgirg!) was 


established with Rhodococcus caldarius (Tilden) Hirose. 
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Miscellaneous Note 


Botanical Garden in New China 
by Feng-hwai CHEN* 


Introduction and acclimatisation of plants in China date back to the Han Dynasty 
(206 B. C.-220 A. D.). In this respect Michurinism is not new to China. Many crop 
plants and fodder grasses were introduced and widely utilized at that time. But this 
work was down solely by individuals and was not as well as organised at the present 
time what with functioning research centres for botanical science. The botanical 
garden today is, in a broad sence, not only a research centre but also a recreation 
ground where natural science education is disseminated among the population. 

Soon after the liberation of China in 1949, our government drew attention to the 
problem of developing botanical gardens in keeping with the needs of the country. 
The consensus among Chinese botanists and horticulturists is that the development 
of botanical gardens in China lags behind that of other countries, and that to advance 
botany more botanical gardens are required. Accordingly, more new gardens have 
been founded and old ones remodelled. This work was accomplished in the past few 
years as is amply borne out by the appreciable development of botanical gardens in 
New China. 

The new and newly remodelled botanical gardens are as follows: 

Lushan Botanical Garden—the first and the oldest establishment of its kind in 


Photo. 1. Abundant and brilliant colours in the rock-garden, the Lushan Botanical 
Garden 


* Nanking Chungshan Memorial Botanical Garden, Academia Sinica 


354 fi wy 3 M RR BT BH HH 844 G aA 33 fF 10 7 


China. Founded in 1934, it belonged 
to the former Fan Memorial Institute 
of Biology, Peking. The garden is 
situated on the top of the well-known 
summer resort, Lushan Mountain, at 
an altiude between 11-1200m. above 
the sea level, on the upper part of 
Yangtze River, at the mouth of Pan 
Yang Lake, near Kiukiang, Kiangsi 
Province. The garden is bounded by 
precipices of huge rocks; the gorges 
afforded a glimps of the lake—a re- 
markable beautiful view indeed. 
During the period of the Japanese 
invasion and the reactionary Kuomin- 
tang regime many rare and valuable 
plants introduced from the remote 


regions cf Tibet, Yunran, Szechuan 
Photo.2. Japanese Firs, European Spruce and other parts of China and abroad 
and other rare conifers in the 
woods of the Lushan Botanical 
Garden specimen trees and beautiful hedge 


were destroyed at random. Good sized 


shrubs were cut down for fuel; nume- 
rous lily bulbs and rare perennials were lost in this disaster, and well constructed 
buildings and green-houses were demolished. The garden as a whole was in a tragi- 
cally desolate condition. In 1950, the second year after the liberation, the garden 
became a part of the Botanical Institute of the Academia Sinica. Botanists set about 
reviving their garden. Buildings and roads were repaired; green-houses and pro- 
pagating shades were reconstructed. The garden has, however, since that time, been 
laid out anew. Many plants have been rearranged as much as possible according to 
natural habitat as well as to landscape design. 

Being an alpine garden, it contains about two thousand kinds of alpine plants 
chiefly introduced from West China and European conutries. These exotic plants, 
all cultivated in the open and decorated in various forms, have proved to be well 
acclimatised to their habit on Lushan. 

The arboretum is the most attractive feature of the garden; it consists of more 
than one hundred species and varieties of conifers and many kinds of broad leaved 
deciduous trees and shrubs forming a mixed alpine forest. The flowering shrubs 
like Azaleas, Rhododendrons, Mock-Oranges, Honeysuckles, Spiraeas and many other 
beautiful sorts form a colourful panorama under the woods from early spring to late 
summer, present a remarkable picture of the garden. The rock garden is the best 
sight in spring; patches of dainty and exquisite dwarf plants in different shades of 
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colour set in the crevices of the rocks in an extremely beautiful manner, reveal an 
aspect of alpine flora. The marshy garden formed below with different kinds of Iris, 
Daylilies, Buttercups, Sedges, Sweetflags and many others gives an aspect of marshy 
meadow flora. 

Gardeners as well as botanists who come to this garden are attracted by the 
colour of various plants and the entire garden scenery. It is quite natural that they 
come to this garden not only for the enjoyment of its scenery but to learn the names 
ef plants and the method of cultivating them. 

As regards horticulture, suffice it to say that a proportion of various kinds of 
exotic plants now found outside of the garden, particularly in the neighbourhood of 
the province, have been newly introduction into this country from abroad through 
the agency of this garden. For the Lushan Botanical Garden is reputed chiefly in 
its successes in plant introduction and landscape designing. 


Kunming Botanical Garden 


The flora of Yunnan is now admittedly one of the 
richest in the world. Many garden novelties and industrial plants are still hidden 
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Photo.3. The arboretum of the Kunming Botanical Garden with trees and shrubs 
near the pool 


in the wilds awaiting cultivation. One of the chief functions of the botanical garden 
therefore is to introduce and cultivate these valuable plants. 

The suggestion to form a botanical garden in Kunming, the capital of Yunnan, 
was made early in 1940 but it was not effected until after the liberation of China. 
The garden, situated in the suburbs of Kunming, about 10 miles from the city, is 
one of the most beautiful spots in Kunming. Chinese botanists had felt all along 
that a botanical garden should be established here in Yunnan for plant introduction 
to develop not only botanical science, but horticulture and agriculture as well. Al- 
though the garden was not formed until 1950, many useful and interesting plants 
had already been brought into cultivation. 

Yunnan is universally known as the home of the Camellia: the Kunming Botanical 


356 fi  % M HH BIB 844 GF an 33 46 10 A 


Garden has the best and most varied collection of this flower. Besides, many 
kinds of industrial plants valuable for spices, drugs, gum-resins and others have 
recently been discovered and introduced from the wilds. Some of these plants have 
proved to be useful for essential oils vital for the confectionary and the perfumery 
industries. It is intended to make this garden not only a botanical centre, but also 
as a horticulture and agricultural experimental ground. 

Peking Botanical Garden—The idea to establish a Peking Botanical Garden was 
conceived long ago, but was formally inaugurated only in 1954. The local govern- 


Photo. 4. The orchid-house in the Peking Botanical Garden 


ment alloited about 500 acres of land to Academia Sinica for the site of the garden 
and it was then organized as a part of the Botanical Institute in Peking. It lies at 
the foot of the Western Hills near the Sleeping Buddha Temple about 8 miles from 
Peking. 

Owing to the long severe winter and day climate in North China, many useful 
plants will not grow in Peking or in its vicinity so that it is rather difficult to carry 
out reforestation. The botanical garden will play an important role in plant intro- 
duction and acclimatisation. 

Lawn and pasture grasses are badly needed both for grazing and for gardening 
in North China. There are very few species of either of these grasses in cultivation. 
Although we have a rich flora of the grass family, many species in this family have 
not yet been utilized. As a result of experiments, the Peking Botanical Garden has 
selected a good number of species which have proved to be useful. 

Fruit trees like apples, peaches, pears, apricots, grapes, dates and others are famous 
in North China. We want to improve them in respect to quality and quantity. The 
garden has started various experiments with this purpose in mind by introducing 
new varieties from other provinces. Development of ornamental plants such as peo- 


nies, crab-apples, lilacs, roses, etc. is stressed. Many collection of these flowers are 
being cultivated in the garden. 
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Tropical and subtropical plants in green-houses are arranged according to geo- 
graphic distribution so that visitors can easialy learn the native home of these plants. 
The Peking Botanical Garden is greatly appreciated by the citizens of the capital of 
China, particularly the green-house in which many beautiful plants can be seen the 
year round. The garden will build up a spaceous green-house to be used as a con- 
servatory in 1958. 

Nanking Chungshan Memorial Botanical Garden—Not far from Chungshan gate 
and through the main avenue of trees you will find a graceful edifice built in Chinese 
style in the midst of the woodland garden. This is the newly established Nanking 
Chungshan Memorial Botanical Garden. Althought the garden was only recently 


Photo.5. Entrance to the Nanking Chungshan Memorial Botanical Garden. The 
blooming apricot trees in front of the main building is typical of Nanking 
scenery. 

formed, it was proposed and its name was chosen soon after the death of Dr. Sun 
Yat-sen, in memory of his revolutionary deeds. A piece of land about 300 acres was 
reserved but kept idle for about 30 years. After the liberation, the proposal to esta- 
blish the the Nanking botanical garden was approved by the government and it was 
soon placed under the direction of Academia Sinica. Work on the garden began in 
the fall of 1953: the villages and vegetable gardens formerly located on the site of 
the garden were soon transformed into nurseries and flower gardens. A fine spaceous 
administration building was erected in the summer of 1954. 

The arboretum is situated in the central part of the garden and arranged accor- 
ding to geographic distribution. Particular emphasis is given to the flora of the 
Lower Yangtze. A prominent feature of the flora in this region is its mixed forests 
consisting of a large proportion of broad-leaved deciduous trees and shrubs of diffe- 
rent kinds. 

A larger green-house was completed in 1955 containing several aioe of rare 
species of tropical and subtropical plants newly introduced from South ee 

Professors as well as students com2 to the garden from different localities from 
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time to study various branches of botany particulary plant classification. Some come 
even for special projects on certain groups of plants. 

Kwangtung Botanical Garden—This is a newly organized botanical garden on the 
outskirts of Canton, under the direction of the Botanical Institute, Academia Sinica 
of South China. The aim of this garden is to introduce tropical and subtropical 
plants, especially valuable tropical industrial plants, either from China or outside of 
the country. Bamboo and palm found in the South are rich in species and are 
worthy of cultivation. Many of these species were brought back from Hainan Island 
and the borders of Indo-China for cultivation. Ornamental plants of various kinds 
which bloom all the year round are striking in the South. Many of these plants 
were recently introduced from different parts of the country or abroad. With the 
favourable climate of South China, this new garden will soon become an outstanding 
subtropical and tropical garden in China. 

Wuchang Botanical Garden—Wuchang is a lake district of China. Fortunately, 
the garden was established in this charming beautiful district. The site of the garden 
is almost completely surrounded by water banked by hills so that it looks very 
picturesque. This garden was opened in 1956 by Academia Sinica as a research centre 
of botanical science in Central China. An organized exploration will be conducted 
jointly by the garden, the Peking Botanical Institute and the Lushan Botanical 
Garden to West Hupeo and Szechuan to collect and investigate plants. 

The above mentioned botanical gardens were recently developed under the direc- 
tion of Academia Sinica. In addition there is a newly proposed garden to be formed 
under the guidance of the Hangchow city government in the well-known scenic district 
of West Lake, Hangchow, Chekiang Province. Prior to the formation of the garden, 
many varieties of Camellias, Magnolias, Roses, Peonies, etc. are being prepared in 
nurseries. No doubt, the future garden will play an important role in the park-like 
Hangchow. 


Gi). Lushan ji, Kunming 8], Kwangtung [ci, Wuchang 7S 
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Cytogenetic and Cytoecological Studies on some Japanese 
Species of Rubus IV. 


Relation of Polyploidy to Flowering Time, and to 
Growth Rate 


by Taro JiInNo* 
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Introduction 


The studies on the relation between the flowering time and polyploidy, and the 
growth of plants and polyploidy have already been made by Greis (1940), Eigesti 
(1942), Love (1943), Garber (1943), Green (1946) and other workers. According to 
their reports, the materials used in the investigations are classified into two types, 
one differing somewhat in the growth and flowering time between a diploid and a 
polyploid, and the other having no difference. 

The present author has observed the flowering time of some Japanese Rubus. 
Moreover, he has studied the growth of leaves and the rooting of some Japanese 
Rubus by stem-cutting propagation. These phenomena are closely connected with 
polyploidy. This paper deals with the results obtained. 

The writer wishes to express his cordial thanks to Prof. N. Shimotomai for his 


kind direction. 


Materials and methods 


The materials used in the observations of the flowering time are fifteen species 
as shown in Fig. 1. Of these species R. coptophyllus was collected from Manazuru 
Peninsula, R. Fauriei from prov. Inaba, R. microphyllus var. incisus from prov. Rikuzen, 
and the others were all found in prov. Iyo. Of the species obtained in prov. lyo, 
R. ribisoideus was transplanted from the coastal region, R. pectinellus from a place 
about 800 meters above sea-level, R. hakonensis and R. Wrightii from a place 500 
meters above sea-level, and the others from a place less than 300 meters above sea- 
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level. All the materials were grown in the same field for more than a year. The 
chromosome numbers of these materials had been already counted by the author 
(1958). 

The unfolding time of buds, the growth rate of leaves and rooting of the stem- 
cuttings were observed. The materials used for the cuttage were ten species as 
shown in Table 1. Twenty cuttings were taken, about 8 cm. long each with about 
two buds, per species, and they were set at equal intervals in the wooden-boxes 
filled with ‘Kanumatsuchi’ a kind of purmice sand. The wooden-boxes were placed 
in open air sheltered from the direct sunlight. The investigations were carried out 
from Feb. 27 to Jun. 15, 1953, and the observation of the rooting was made on the 


last day after the soil in the boxes was taken out. 


Observations 


Time of flowering : 

The flowering times of ten diploid species and five polyploid species are shown 
in Fig. 1. The materials used in this investigation have three types of inflorescence : 
cyme, raceme and solitary inflorescence. In the diploids, the flowering time of 
cyme is generally later than that of solitary inflorescence. Of the ten diploids six 
with solitary inflorescences bloomed from the end of March to the end of April, and 
the remaining four with cymes during the periods between the beginning of April 
and the beginning of June. 


4 


Species ‘fenrono} March April May | June July August September 

R. hirsutus 2b ] 
R. coplophyllus " 

aie see 
R. Fauriei " ae ee 
R. palmatoides I — 
R. ribisoideus " 
R. microphyllus ut 

var. incisus 
R.trifidus " ee , 
RWrightti ni ———e 
Rparvifolius " 
a 
R.phoenicolasius " 
i" 
R.Sieboldi hb —————_, 
R pectinellus 6b |. 
R.hakonensis 8b 
R.Buergeri " 
———— 
Rebseudo-Sieboldii | " 
ae SSS 


Fig. 1. Flowering times of ten diploids and five polyploids in Rubus, 
Solitary inflorescence 
——— (yme 
==} _~—s— Raceme 
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Of the polyploids, R. Sieboldi (4b) and R. pectinellus (6b), both of which have a 
solitary inflorescence, bloomed a month or a month and a half later than any of the 
diploids with the same type of inflorescences. 

The flowering time of FR. Buergeri, R. pseudo-Sieboldii, and R. hakonensis, all’ “of 
which are octoploids with racemes, was much later than that of all the other spe- 
cies mentioned above, and it was almost in August. When the flowering time of 
the octoploids was compared with those of all the others, it was three or four months 
later than that of the diploids, and two or three months later than that of the 
tetraploid and the hexaploid. 

Unfolding time of buds, and growth of leaves by stem-cutting propagasion : 

The unfolding rates of buds of stem-cuttings in the diploids and polyploids are 
shown in Table 1. The percentage was calculated by dividing the number of indi- 
viduals with unfolded buds by the number of living individuals for each species. 
As shown in Table 1, the unfolding rate of all the diploids, eighteen days after the 
settings of the cuttings, was over 50%, except R. Wrightit. Wowever, all the poly- 
ploids, except the heptaploid blackberry, whose rate was only 5%, did not unfold 
their buds. Twenty-eight days after the setting, the rates of all the diploids were 
over 70%, and of them R. palmatoides and R. ribisoideus were 100%. On the other 
hand, all the polyploids, except the heptaploid, the rate of which was 30%, did not 
unfold at that time yet. 

In the period from twenty-eight to fifty-two days after the setting of the cut- 
tings, the unfolding rates of all the diploids became 100%. In the same period, 
however, the unfolding rates of all the polyploids, except the heptaploid, were 
below 68%, the average being 49.6%, which is the half of the rate of the diploids. 
The period, in which all the polyploids, except the heptaploid, became 100% in the 
unfolding rate, was 90 to 106 days after the setting. The period was about twice 
as long as that of the diploids. 

The relation between the growth of the leaves ‘of the cuttings of the diploids 
and that of the polyploids is shown in Fig. 2. In the early stage of the cuttage, 
the leaves of the diploids grew more speedily than those of the polyploids, but their 
growth rate, except for R. parvifolius, decreased earlier than that of most polyploids. 
Though R. parvifolius fell in growth rate at a time like the other diploids, it began 
to grow well in leaves again from about sixty days after the setting. The polyplo- 
ids had a longer period of growth than the diploids. In the later stage of the cutting 


propagation, therefore, some polyploids surpassed the diploids in the growth of lea- 
ves. 


The leaves of the cuttings varied in color from species to species. Seventy 
days after the setting of the cuttings, the color of leaves were compared with the 
sample of Color Album (Uemura and Yamasaki, 1946), and their color tones were 


decided. Of the five diploids three, R. parvifolius, R. palmatoides and R. ribisoideus, 


Nov.- Dec. 1958 


Bot. Mag. Tokyo, Vol. 71, Nos. 845-846 363 

Glicee Gten 

gt a o OTF b 
ra y & 

1 “Se soil 
oe Er 
SH 6 Wal 

Sy 

ne Co 
gy 5 a3 5} 
ac a0 
“34 eO4y 
ca. on. 
ag an Bit 
£2. es ve 
ia 2 i ° 2+ 
fees 42 

| | | 

0 10 20 30 40 50 60 70 80 40 0 10 20 30 40 50 60 70 80 40 


Days 
Fig. 2. 


a) diploid species: 


2s R. palmatoides, + R. ribisoideus, 


Days 


Comparison of the growth of leaves in polyploids with that in diploids. 


|] R. parvifolius, O R. 


trifidus, x R. Wrightii. 
b) polyploid species: 
pectinellus (6b), 


x R. fruticosus var. (4b), O R. Sieboldi (4b) + R. 
4. R. sp. (blackberry 7b), [] R. Buergeri (8b). 


were light colored: pale harem green (color number 52) and light diamine green 
Cr. bl). 
(c.n. 49). Of the five polyploids one, R. Buergeri, was cosack green, but the re- 
maining four, R. Sieboldi (4b), R. fruticosus var. (4b), R. pectinellus (6b) and R. sp. 
(blackberry 7b), had a dark color, bluish cosack green (c.n. 48), which was not seen 


And the remaining two, R. trifidus aud R. Wrightii, were cosack green 


in the diploids. 

The dead cuttings appeared about sixty days after the setting. The death rate 
became higher as days passed, though it varied from species to species. Dead cuttings 
of the diploids appeared earlier than those of the polyploids, and the death rate of 


the diploids was higher than that of the polyploids. In the end, the rate of the 


Table 2. Rooting of the stem-cuttings. 
‘“ | th 
Species Chromosomes Seeetnits Longest roots Gee eae 
R. palmatoides 2b 0% 0 cm. 0cm, 
R. trifidus " 10.0 Oa2 (Ne 7 
R. ribisoideus " 20.0 18.8 A. 1, 
R. Wrightii " 45.0 ill), 4) ee 
R. parvifolius " 85.0 ea OSS: 
R. fruticosus vat. 4b 84. 2 28.9 AOE i 
R. Sieboldi ” 30. 0 a 7.9 
R. pectinellus 6b 95. 0 21.9 7.8 
R. sp. (blackberry) 7b 90. 0 24.5 8.6 
R. Buergeri 8b 85.0 ile 2 9.8 


Note: Measured 106 days after the setting of the cuttings. 
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former became about twice as high as 
that of the latter. 

Rooting by stem-cutting propagation : 

The results of the observations of the 
rooting of the stem-cuttings are shown 
in Table 2. As shown in the table, all the 
materials, except for R. palmatoides, pro- 
duced some roots. Rooting of all the 


diploids was below 45 %, except that of R. 
! parvifolius was 85%. The polyploids, 
however, had over 84 % in rooting, with 
the exception of R. Sieboldi (4b), which 
had 30 %. -Generally, the polyploids took 
root better than the diploids. 

All the diploids had roots less than 


5.3cm. in length on the average, with 


Fig. 3. Rooting and growth of leaves ‘Se byte 
106 days after the setting of the cuttings. the only exception of R. parvifolius. On 
a) R. Buergeri (8b), b) R. sp. the other hand, the root lengths of all 
(blackberry 7b), c) R. pectinellus (6b), 
GD) IR GR AHCOSTS swale (Copy, @)) vie 


the polyploids were more than 7.8cm.. 


Sieboldi (4b), f) R. parvifolius (2b), Generally, the polyploids developed longer 
g) R. Wrightii(2b), h) R. ribisoideus eee f sea tgatel 
(2b), i) R. palmatoides (2b), j) R. roots than the diploids. 


trifidus (2b). 


Discussion 


In the diploid species of Rubus used in this investigation, the flowering time of 
cymes is generally later than that of solitary inflorescences. This phenomenon may 
be caused by the fact that the peduncle of the cyme takes a longer period to form 
than that of solitary inflorescence. As far as the author’s investigation is concerned, 
when the flowering times of the diploids and polyploids with the same type of in- 
florescence are compared, the flowering time of the latter is later than that of the 
former. Rk. Buergeri, R. pseudo-Sieboldi and R. hakonensis, all of which are octoploids 
belonging to subgenus Malachobatus, are especially later in flowering than the other 
species. These octoploid species are distributed from central to west-southern 
regions of Japan, less than about 700 meters above sea-level. In these regions, no 
natural hybrid between the octoploid and the other species has been formed. This 
fact may be due to the physiological isolation, which results from the difference in 
flowering time. 

In the experiment of the stem-cutting propagation, it was confirmed that the 
polyploids are later in the unfolding time of buds and in the growth of leaves than 
the diploids in the early stage. This result seems to be similar to the results which 
Greis( 1940), Green(1946) and Love( 1942) observed in the germination of seeds, the 
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development of pollen tubes and the growth of vegetative organs of Acetosella, res- 
pectively. 

The polyploids are better in the rooting of stem-cuttings than the diploids. The 
fact that the growth of leaves in many of the polyploids is more vigorous in the 
later stage of the cutting propagation than that of the diploids, may be closely con- 
nected with their well-developed roots. And the fact that the diploid has a higher death 
rate than the polyploid may be causedzby poor rooting. In the diploids, R. parvifolius 
alone grows well in the later stage. It also seems that this fact is closely connected 
with its well-grown roots. 


Summary 


1) The flowering time of the polyploid of Rubus is later than that of the diploid, 
and the flowering time of the octoploid, which belongs to subgenus Malachobatus, is 
especially later than that of all the others. The octoploid, therefore, is physiologically 
isolated from all the other species. 

2) In the stem-cuiting propagation, the diploid is earlier in the unfolding time 
of buds than the polyploid. Leaves of the diploid are more rapid in growth than those 
of the polyploid in the early stage of the cuttage. In the later stage, however, the 
polyploid is larger than the diploid in the growth of leaves. 

3) The leaves of the polyploid which grow from the buds of the stem-cuttings 
have a darker color than those of the diploid. 

4) The rooting of the stem-cuttings of the polyploid is mostly better than that 
of the diploid. 
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Formation of Starch in Isolated Chloroplasts 
II. Experiments with Isolated Chloroplasts Obtained by Plasmolysis* 
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In my previous paper? the viability and function of the chloroplasts isolated by 
the ultrasonic method were described in detail. In this connection, it is necessary 
to carry out further studies on this matter using other isolation techniques. 

Present report comprises some experimental results on the isolated chloroplast 
which have been obtained by palsmolytic method. 


Materials and Methoas 


Materials used in this experiments were leaf cells of Elodea densa, which were 
previously made free from starch grains by keeping cells in the dark for a few days. 

As already reported by several authors?),4),12),13),14), both chloroplasts and proto- 
plasmic fragments could be set free from the mother cytoplasm by plasmolytic method. 
By treating Elodea leaf cells with several kinds of plasmolytica, I could obtain several 
isolated chloroplasts (solitary or in aggregate) and also protoplasmic fragments with 
or without chloroplast (Fig. 1.). 


Fig. 1. A schematic representation of a leaf cell of Elodea densa plasmolyzed 
by 0.3 M CaCl, (after 6 days), leaving solitary chloroplasts, chloroplast-aggre- 
gates and cytoplasmic fragments outside the plasmolyzed protoplasm. Starch 
grains are contained in solitary chloroplast, in chloroplast-aggregates and in 
culoroplasts surrounded by thin cytoplasmic layer, but not in the chloroplasts 
embedded in mother protoplasm or in a large amount of cytoplasmic fragment. 


im A part of this study was published preliminarily in Bot. Mag. Tokyo 62: 62 (1949) 
Botanical Institute, Facutly of Science, Tokyo University of Education, Otsuka, Tokyo 
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Some of these preparations were stood under diffuse day light inside the window, 
and other were kept in a dark room, at 27+2° in both cases. The viability and starch 
formation of chloroplasts thus isolated were carefully examined. 


Results 


In order to isolate chloroplasts by means of plasmolysis, and in order to maintain 
their activity of starch formation, a number of plasmolytica were tested as to their 
effect upon Elodea leaf cells, including KCl, KNO3, CaCle, MgClo,.Mg SO,, AlCl, KH2PO,, 
and sucrose. All of them were applied at concentrations of 0.5, 0.4, 0.3, 0.2 and 0.1 M, 
respectively. 

Results obtained are summarized in the following table. 


Table 1. Effects of plasmolytica on £lodea chloroplasts. After plasmolysis, 
the leaf cells were cultured in a solution of the same plasmolyticum for 6 days 
at room temperature (27+2°). 


| Isolated fragment | Isolated chloro- | Chloroplasts in 
Plasmolytica f Bee of protoplasm plasts the mother cyto- 
(in M) Piasteolyes (+: obtained, plasm 
—: not obtained) |color | starch | color | starch 
Water (control) - = se a green = 
KCI (0.5) | a 4: green| ++ | light ae 
| yellow 
| ish 
| green 
(0. 4) a + ” ++ " - 
(033) - - ve green - 
CO.2) — - " = 
(0. 1) — - " os 
KNO; (0.5) + + green + apes — 
ish 
green 
(0. 4) =F =|: " + " 
(0.3) He ae " i " = 
green 
(0. 1) - - ' = 
CaCl, (0.5) ct tote SCCM ete acts ween = 
green 
see " ae Se " = 
(0.3) 8 a " +++ " — 
0.2 =I: us " +++ " ++ 
(0.2) iss "” oo 
(0. 1) = = 
MgCl, (0.5) + is green ef ee ~ 
green 
" _- 
(0.4) . af a8 ud oP z 
(OLS) ae ag ul ar H me 
(0. 2) = a ee 
(0. 1) = = 
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i ee : | . eee = light = 
MgsO, (0.5) =F “{ | eee | green 
(0. 4) ae = | = i = 
(0.3) + a ! = , es 
oe a Ss " = 
OID) = aa ; ; _ 
; wae | eres = light = 
NIICIE OSS) + te | green ee 
— " = 
0.4 + + " = 
i t t fa pray hi: 
(0.2 + = | i a 
(0.1) = = a eee . 
CY v ; ipa “ 7 (eons ellow- — 
KH,PO, (0. 5) ae os | green Sete ie 
green 
0. 4) + + ” ++ ” = 
(0.3) + + eth ++ " — 
0.2 = a ae " ” = 
on = = " ” a 
(0.1) : | a 
Sucrose (0.5) + a green ae oe yellow- | _ 
| ish | 
| | green 
(0. 4) “+ | + | " Bias " = 
(0. 3) + _ | * bees oo " ~ 
(CORD) a = | oes aa ” == 
(0.1) = = | sel dba 


From the data presented above, together with the other observations of the 
author, treatment with CaClz seems to be most suitable for the present purpose, 
because the activity as well as the viability of the isolated chloroplasts were pre- 
served for the longest time in cultivation. 

The results of my plasmolytic experimentation, which were carried out aiming 
primarily at the isolation of chloroplasts, are summarized briefly as follows: (1) 
Among several plasmolytica tested, CaCl, seems to be most favorable for the 
preparation of isolated chloroplasts without damage in an ability of starch formation. 
(2) Isolated chloroplasts embedded in protoplasm without a nucleus are green and 
capable of forming starch grains, whereas some chloroplasts accompanied by an 
appreciable amount of protoplasm do not produce starch grains even in the light. (3) 
The chloroplasts in the mother protoplasm with a nucleus became yellowish in color, 
smaller in size, and could scarcely produce starch grain even in the light. There- 
fore, the existence of the nucleus seems to be responsible for the acceleration of 
chlorophyll degeneration as well as for the suppressed accumulation of the starch 
grain in the chloroplasts under the present culture conditions. (4) The chloroplasts in 

an intact cell, when cultured in tap water, produce some starch only temporarily ; 


but, on further culture the chloroplasts become smaller and smaller, showing that 
degeneration is taking place. 


Discussion 


In the previous paper, experiments on starch formation in the chloroplasts 
isolated by ultrasonic treatment were described. For the Same purpose, the author 
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has tested on a plasmolytic method which is easily applicable under the microscope. 
This method was once applied by Klebs (1887, 1888) in his classical investigation 
concerning nuclear functions®,4). Recently this technique was applied again in several 
studies on protoplasmic streaming!3),!4) as well as on nuclear function!2). 

By this method, chloroplasts of the leaf cells of Elodea densa could be isolated 
in solitary or aggregated state, and they were brought into cavities between plas- 
molyzed protoplasm and cell membrane. With these isolated chloroplasts, starch 
formation was also clearly demonstrated. 

The starch formation in isolated chloroplasts occurs in a satisfactory monner, 
when they are treated with plasmolyticum containing Ca ion. This fact does strongly 
Support our recognition that Ca ion is essential not only for the maintenance 
of protoplasmic structure but also for the synthesis of starch in chloroplsats. 

Now, the autonomy of the chloroplast in its photosynthetic function is demon- 
strated by the isolation experiments described above. Besides, the chloroplasts have 
shown that they can multiply themselves irrespective of cell division!,2),»,8), and grow 
sometimes independent of cell growth (unpublished). Moreover, the isolated chloro- 
plasts can move by itself!®, it seems to be able to inherit plasmaganes!™, and also 
synthesize starch from glucose-l-phosphate®,”. All these characteristics seem to 
suggest that cell-free cultrure of the chloroplast would be possible in future. 


Summary 


1. By means of plasmolysis, //7odea-chlororplasts were successfully separated from 
the mother protoplasm. With these isolated chloroplasts, the photosynthetic formation 
of starch was demonstrated. 

2. The photosynthetic activity of the isolated chloroplasts was found to be accele- 
rated of Ca ions added to in the medium. 

3. The autonomy of the chloroplast was discussed in relation to the photo- 


synthetic capacity of the isolated chloropiasts. 


I should like to express my sincere thanks to Prof. Tomoo Miwa and Prof. Bungo 
Wada for their invaluable advice and encouragements. Thanks are also due to Prof. 


Kozo Hayashi for his kind help in preparing the manuscript. 
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addendum 


After this pepar was submitted to the press, the author has received a paper 
published by S. Hattori and S. Osaki (Zeitschr. f. Bot. 46: 355, 1958), in which from 
the result of their observations on starch accumulation in the chloroplast they des- 
cribed that it is questionable to draw a distinct line between assimilation starch 
appearing in chloroplasts and reserve starch in leucoplasts. In this connection it is 
interesting for us to answer the question how and why the isolated chloroplast ac- 
cumulates starch grain as a reserve material. 
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Analysis of Gas Contained in the Fruit of 
Indian Lotus Plant 
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Twenty-five old fruits of Indian lotus plant (Nelwmbo nucifera Gaertn.) were collected 
from the mud of the Genpei pond of the Hachiman Shrine at Kamakura City by the writer 
in early July, 1957. This pond is said to be made about seven hundred years ago and 
Indian lotus plants being planted at the same time, according to a historical document. 
These fruits, therefore, are considered as old as one year at least to seven hundred 
years at most. The place where these fruits were found is not, however, the lowest 
layer of the mud, and most of these fruits have preserved epidermis and remnants 
of styles, although old fruits have no epidermis in general, but a luster and hardly 
styles. These fruits, therefore, seemed not to be so old and it is likely that they are 
a mixture of various fruits of ages above one year. 

There is a small cavity of about 0.15 ml. in the interior of the fruit, and a green 
plumule exists in this cavity. The pericarp is very hard and is not generally per- 
meable to water and gas. As it was at first considered to be very important to 
analyze gas contained in the fruit, the writer made some experiments. The writer 
worked out a particular method for taking out and analyzing the gas contained in 
the fruit. Comparing the data with those in new and old fruits in low and high 
temperatures, the writer studied the metabolic activity of the fruits of Indian lotus 


plant. 


Material and Methods 


The fruits used for gas analysis were the old ones collected in the Genpei pond 
at Kamakura, the rest were the new ones which were obtained from receptacles found 
in the same pond, and in lotus fields at Fukazawa in Kamakura and at Ohba in Fujisawa. 

The hard palisade layer of pericarp was filed away first, then an orifice was 
drilled and which was filled with liquid paraffin. The fruit was immersed in liquid 
paraffin filled in a vessel and the needle of an injector was pierced into the fruit. 
Then drawing the piston, the gas contained in the fruit was sucked into the injector 
by replacing liquid paraffin (see Fig. 1). The gas in the fruit was thus collected by 
suction one by one, taking each time a quantity of one to two ml. and the injector 


* Fujisawa Higher School attached to Nihon University, Fujisawa, Kanagawa Pref., Japan 
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was immersed in water, the needle being detached then 
from the injector and put a rubber cap on the tip. 
Another injector with a rubber tube (1-1.5cm. long) 
to the tip was also immersed in the water and the gas 
in the first injector was then removed into the second 


and used for gas analysis. 


As regards gas analysis, there are various methods, 
but the writer devised a simple method suitable for 
micro-analysis based on absorption as follows: an in- 


jector holding the gas was used, besides a micropipette, 


cveafereafuinifeanafivcrfaneal 


a Z-shaped micropipette which was specially made, a 
short glass tube swollen in the middle part (see Fig. 
2, 3), a connecting rubber tube, a fixing apparatus and 
a thermostat. 

Carbon dioxide: Content of the gas is measured 


by absorbing it with potassium hydroxide. The in- 


jectors holding the gas and potassium hydroxide solu- 
tion were put in a thermostat beforehand. The glass 
tube swollen in the middle part was connected with 


Fig. 1 Gas contained , ; : 
fa the ede e obtained the micropipette by a rubber tube and the tip of the 


in an injector by replac- micropipette was steeped in potassium hydroxide solu- 


Bee ees tion and the solution was sucked up beyond the glass 


tube swollen in the middle part by another injector. 
The whole was placed on a plate and the tip of the micropipette was raised a little, 
and the rubber tube connecting the glass tube and the injector was pinched with a 
pinch-cock. It is necessary to settle the whole with a fixing apparatus in that posi- 
tion. The injector was replaced rapidly with the injector holding the gas above 
mentioned, the piston was pushed a little so that the reagent might remain at the 
tip of the micropipette and fixed at the position. The injector was shaken from time 
to time ordinarily for 5-10 min.. The decrease of the gas volume was measured. 
Oxygen: The decrease of the gas was measured by absorbing oxygen with an 
alkaline pyrogallol solution. The potassium hydroxide solution in the injector was 
excluded just after measuring carbon dioxide and rubber cap was put on. A Z-shaped 


—— 


Fig. 2 Carbon dioxide is measured by absorbing it with potassium hydroxide 
using an injeetor, a glass tube swollen in the middle part and a micropipette. 
The arrow shows the place pinched by pinch cock. 
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micropipette was connected 
with glass tube swollen in 
the middle part and an 
alkaline pyrogallol solution 
Was sucked in. The quan- 
tity of oxygen absorbed was 
measured by the method 
described above. 
Correction for errors: 
Errors caused by the change 
of temperature, atomos- 


pheric pressure and vapor 
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Fig. 3 Oxygen is absorbed by an alkaline pyrogallol 
solution using a Z-shaped micropipette, an injector and 
a glass tube swollen in the middle part. 

The arrow shows the place pinched with a pinch-cock. 


pressure is to be calculated according to the formula respectively, it also depends 


upon the volume of the gas, solution and vessel, and therefore becomes very com- 
plicated making it difficult to calcurate correctly. To avoid these difficulties the 


writer used a micrcpipette and an injector holding the air of the same volume as 


the gas and a red solution of the same volume as the reagent solution as control. 


A reading was made at the beginning and the writer worked with this reading asa 
standard during a single experiment. 


Results 


The results of the analysis of the gas obtained from the old and new fruits are 


as follows! : 


Table 1 


Old fruits (experimented in early July): Seven or eight fruits were used. 
The quantity of gas was about one ml. in each experiment. 


CO(%) 0:(%) CO, +02(%) 
OV 19.8 20R5 
ONS, 19h il 20.0 
0.6 IE 20.3 
Average 0.7 19:5 20h 
Table 2 
New fruits (experimented in early and late Sept.) 
CO2(7%) 020%) CO, +02(% ) 
if IWiae) 19.6 
2 18.6 19.8 
: Ue) 18.7 20.2 
Average 1s 18.4 11959 


In order to research the change affected by the time, the fruits allowed to stand 
at room temperature were analyzed every month. Eight or nine fruits, and the gas 
of about one ml. were used in every experiment ; the experiments were repeated from 


two to eight times (see Fig. 4). 
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Fig. 4 Monthly change of the values of 


A 


the gas 


analysis in newer fruits (from September to 


August). 
The content of CO, reads on the left 
ordinate, the content of O, on the right. 
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Fig. 6 Average content of Os, 
CO; and CO.+O, in the fruits for 
various days at 30°. 
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Fig. 5 Average content of Os, 
CO, and COj,+O, in the fruits for 
various days at O°. The marks 
on the left ordinate indicate ave- 
rage content of Os, CO. and CO,+ 
On, respectively, in the newer 

fruits from November to May. 
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Fig. 7 Average content of Os, 
CO, and CO,+O, in the fruits for 
various days at 60°. 
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To see the effects of temperature, the fruits were preserved for various days at 0°, 
30°, 60°, and these experiments were carried out from November, 1957 to May, 1958. The 
results are shown in Figs. 5, 6, and 7. 

The fruits kept in the thermostat at 60° for 30 days were taken out and put into 
a beaker filled with liquid paraffin at room temperature in February and March. 
During the experiments no bubble was observed to come out from the pericarp, so it 
may be impermeable to gas. Taking out and analyzing the gas in the fruits, the 
results are as follows: 


Table 3 
| Days CO2(%) 02(%) CO2+ 020% ) 
| i 0.6 20.4 3150 
| f 0.5 20,7 21,2 
| 21 0.7 20.5 IND 


Same experiments were carried out in the period from March to June, the results 
being as follows: 
Table 4 


Temperature Days Days (soaked in liquid paraffin) CO.(%) 0.0%) CO,+02(%) 


60° 30 if 0.6 19.6 20.0 
60° 30 30 0.9 Z0y 1 ZA) 
60° 45 if Weal 20. 1 Pei 


These experiments at 60° were carried out further up to 42 times, however the 
results obtained seemed not to differ from those described above. So the writer re- 
frained from recording them here. Experiments were made with the ones soaked 
in liquid paraffin after being placed at 60° 22 times repeatedly. The whole average 
content of carbon dioxide and oxygen are as follows: 


Table 5 


CO.(%) 0.7%) CO2,+02¢%) 


The ones placed at 60° Bae 19.4 2156 
The ones soaked in liquid 
paraffin after being 0.8 20.4 Piliae 


placed at 60° 


Discussion 


As is to be seen from the results of these analyses, there are some differences 
between the old fruits collected in the mud and the newer ones taken from the 
receptacles. Carbon dioxide is present in the newer fruits a little more than in the 
old ones, while oxygen is less. It may be regarded to come from the fact that in 
the newer fruits, moisture is more and respiration is more active, and they are 
subject to the ampler range of temperature change than the older ones embedded 
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in the mud about 1m. deep. 

In the newer fruits, however, some changes occurred, in the component of gas 
after a lapse of time at various temperatures. 

Since October the quantity of carbon dioxide was, as a rule, decreased while 
oxygen increased generally, and after several months the newer fruits became to 
show almost the same gas component as old ones. In February, content of oxygen 
decreased fairly as shown in Fig. 4. 

Researching the change of gas components in the newer fruits at various tem- 
peratures, 0°, 30° and 60°, carbon dioxide had an increasing tendency after a tem- 
porary decrease at the initiation, and oxygen decreased at 0° as shown in Fig. 5. 
Carbon dioxide had also an increasing tendency after a decrease, and oxygen in- 
creased a little and did not change so much at 30° (see Fig. 6). Carbon dioxide in- 
creased fairly and oxygen decreased after an increase at 60° as shown in Fig. 7. If the 
fruit is kept in this state, carbon dioxide shall extremely increase and the fruit 
should be dead at last. 

In perfectly ripened fruits of Indian lotus plant, the pericarp did not generally 
allow water to penetrate. To confirm this fact, the fruits were kept in the liquid 
paraffin at room temperature after having been kept in a thermostat at 60° for 30 
days, no bubble seemed to occur. Nevertheless, carbon dioxide decreased a good deal, 
oxygen increased as shown in Tables 3, 4 and 5; it was a very remarkable thing. 

Whether the pericarp is permeable to water and other substances or not, we have 
some reason to deny. It is evident, if it allows water to permeate, the fruit should 
either swell followed by decaying or germinate as the writer experimented previously2). 

So the writer is of the opinion that metabolism is being carried out in the inner 
part of the fruit, though very much slowly. The embryo respires extremely slowly, 
though carbon dioxide is present to lesser and oxygen to more extent in the old 
fruits than in the newer ones. Furthermore, carbon dioxide decreased and oxygen 
increased in the fruits that had been kept in liquid paraffin after being kept at 60° 
at various time lengths. 

The life span of Indian lotus fruits has been generally believed to be fairly long, 
but no one has ever been possible to explain the reason. In this connection the fact 
disclosed in this article may bring some light on the problem, because it has shown 
remarkably unusual ratio of carbon dioxide and oxygen content in the fruit. 


The writer wishes to express his sincere gratitude to Professor Shizuo Hattori 
of the University of Tokyo for his kind guidance and revising the manuscript. 
Summary 


1. The gas contained in the old fruits of Indian lotus plant which were collected 


from the mud of a pond was taken from them by replacing the gas with liquid paraf- 
fin by an”injector, 
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2. The gas was analyzed by a method of writer’s own. 

3. The gas contained in the newer fruits was also analyzed, and there were 
found more COz and less O, than in the old ones. Some change was, however, 
observed in the content of CO2 and O» after a lapse of time. After several months, 
newer fruits became to have almost the same gas ratio with the old ones. 

4. Investigating the change of gas components in the fruits at various tem- 
peratures, 0°, 30° and 60°, COz had an increasing tendency after a decrease and Os» 
decreased in general at 0°. CO». had also an increasing tendency after a decrease and 
Op» increased a little at 30°. At 60°, COs increased fairly and O, decreased. 

5. The fruits which had been kept in liquid paraffin after being at 60° for some 
time, did not evolve gas through the pericarp. The result of gas analysis which 
was made of these fruits, CO. showed a decrease and Op» increased. 
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Many species of Ulvales periodically liberate spores, sexual or asexual. The periodicity 
of the liberation of spores is correlated with the periodicity of spore formation. The 
capacity for liberation appears after the cells have completely matured, but fertile cells, 
even though they may be fully ripe, do not always liberate the spores which they 
contain. The conditions that induce liberation seem to be different from those that 
promote maturation. 

As to the other sea-weeds which grow in the upper part of the intertidal zone, 
the factors controlling liberation have been considered to be the change of fronds 
from desiccation to immersion for Enteromorpha and Gloipeltis,» and from dark .to light 
for Monostroma and Cutleria. Light has been considered to have a significant influ- 
ence on gamete liberation because this phenomenon in nature usually occurs at dawn. 
Light was found to have the greatest effect, but it was not indispensable to activate 
the gametes. 

Monostroma was used to study the influence of light and dark on gamete activation. 
The substance responsible for gamete activation is suggested to have a remarkable 
photosensitivity, especially for the blue light, contrary to the seed plants, in which 


the longer wave length was more effective upon the germination of seeds and the 
initiation of flowering!),2),8). 


Material and Method 


Monostroma nitidum growing luxuriantly on the rocks along the beach in the 
vicinity of the Misaki Marine Biological Station was used for the experiment. Every 
year the algae appear in November in the field, and produce gametes from January 
until they disappear in the end of May. Their maturation shows a distinct periodicity 
in March and April. The experiments were performed in most cases during April 
and May. Gamete formation in the cells is easily recognized with the naked eye, by 
the yellow color. Such mature frond was collected, and the fertile part of frond was 
cut into small pieces of about 3-5mm2. Fragments from the same frond were mixed, 
and were kept separately in petri dishes filled with sea-water. As the source of ar- 


tificial light, 100-watt incandescent lamp or two 20-watt fluorescent lamps were used. 
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The dishes were completely covered with tin boxes, so that all light was excluded 
during the period of darkness. Agar-filters prepared by Dr. S. Sakurai (Scientific Res- 
earch Institute) were used to provide light of various wave lengths. 


Experiments and Results 


In the preliminary observations, it was found that a frond with ripe gametes 
liberated them usually at dawn under laboratory conditions. However, fronds kept 
under illmination throughout the night did not liberate gametes, and this phenomenon 
was often verified by field observations. These findings suggested that the change 
from dark to light is most important, or necessary to induce liberation of gametes. 
Some experiments concerning these problems were carried on as described below. 

Exp. l. Effect of dark upon gamete liberation: When fertile fronds were exposed 
to light, after a sufficient exposure to darkness, they liberated gametes in 5 minutes. 
All of these swam to the light side of the vessel. These gametes were removed with 
a glass pipette, and the frond was left in the light. No more gametes were liberated 
even after several hours. Thus, after a sufficient period of darkness, light appears to 
act solely as a trigger agent. 

Exp. 2. Correlation between the length of the time gametes are contained in cells 
and the length of the dark period necessary to cause liberation: Fronds kept in the 
light for various periods, 1 hr., 7 hrs., 13 hrs. and 19 hrs., were removed to the dark 
for various length of time. A long dark period required for .activation, when the 
time in the light was short, becomes shorter as the light period was lengthened, and 
finally becomes unnecessary Ci. e., as the state of “ maturity ” of the gametes advanced). 


Table 1. Correlation between length of time when 
gametes are contained in cells (pretreatment) and length 
of dark period (treatment). 

+: quantity of gametes liberated 


Pretreatment 
in hrs. 
1 ii 13 19 
Treatment 
in min. 
1 | as = ae ay 
5 — = a qr 
10 — = a Sy 
30 — a ie aie See id 
60 Siaate Stet qe a sie Se 


Exp. 3. Non-additive nature of dark periods: Thirty minutes of darkness were 
inserted into a light period of 6 hrs. in two different ways: (A) the whole 30 minutes 
dark period was applied at the end of the light period, and (B) 5 min. dark periods 
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were inserted 6 times at 1 hour intervals (Fig. 1.). And also (C) 10 min. dark periods 
were inserted 6 times in the same way as (B). Gamete liberation took place in (A), 
while it failed to occur in (B) and (C), indicating that subminimal dark periods 
cannot be added to produce an adequate stimulus. 


Liberation 
of Gametes 


Fig. 1. Ineffectiveness of darkness inserted into a light period. 
Blank : light period 
Hatched: dark period 


Exp. 4. Effect of darkness interrupted by light: The frond for which a 15 min. 
dark period was not sufficient to cause liberation, but a 30 min. dark was sufficient, was 
used for this experiment. Many pieces of fertile fronds in petri dishes were put into 
the dark at the same time. Various lengths of light period were inserted into 
the middle of a 30 min. dark period. Thirty minutes of continuous darkness 
induced liberation of great numbers of gametes. Inserted light periods of short length, 
1 min., 5 min. and 10 min., resulted in a slight decrease of gamete liberation. When 
20 min. or longer light period was inserted, the amount of liberation decreased con- 
siderably. Thus it appears that when the necessary dark periop is interrupted by 
the light, the effect of the former dark period is cancelled. 


Inserted Liberation 
Light of 
Period Gametes 


15 min.£15min, 


Fig. 2. Effect of darkness interrupted by light. 
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Exp. 5. Light periods following exposure to dark: (1) Samples of material il- 
luminated continuously were exposed to dark periods of 15 mun. 30min, I hr: and 
2 hrs., respectively. After these dark periods, 1 sec., 10 sec. or 30 sec. irradiation 
(2,000 lux) was applied and the material was returned to the dark. After about 30 
min., all the pieces of the fronds were removed from the petri dishes in the dark, and 
the amounts of liberated gametes compared. A series of experiments were started 
in all lots at the same time, but in another series of experiments the irradiation 
was applied at a definite time. Both series of experiments gave the same results. 
After a sufficient length of darkness, liberation is induced by 1 sec. irradiation. Shorter 
dark periods required longer light periods. 


Table 2. Correlation between the quantity of gamete 
liberated and length of dark periods and of light periods 
following exposure to dark. 


> Light 
in) Sec. 
1 10 30 
Dark 
in min. 
15 = = = 
30 = =: a 
60 er Sei oy = an 
120 soe oe 5 sia ss 


(2) Fronds kept in light for various periods such as 3 hrs., 6 hrs. or 9 hrs. were 
exposed to dark periods of 1 hr., followed by irradiation of 1 sec. or 1 min. The quanti- 
ty of liberated gametes increased in proportion to the length of the period of ilumi- 
nation. One hour of dark followed by 1 sec. light becomes sufficient to induce liberation 
as time elapses after the appearence of gametes in the cells. 


Table 3. Effect of dark periods of 1 hour, followed 
by irradiation of 1 second or 1 minute (treatment) 
in fronds kept in light for various periods (pretreat- 


ment). 
“~~ Pretreatment 
in hrs. 3 6 9 
Treatment 
IS Sec. = Sts cb ae 
iL saalsnie jt ae ae ate te at 


(3) Light intensity was altered by changing the distance from the light source 
to the irradiated petri dish. Under such different light intensities as 4000, 400 and 
AQ lux, fertile fronds which had been kept in darkness were irradiated for 1 sec., 10 
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sec. or 30 sec. Under 40 lux, liberation did not occur until after even longer exposure, 
while under 4,000 lux, abundant gametes were liberated after even 1 sec. irradiation. 
The quantity of gametes liberated after sufficient duration of darkness Was propor- 


tional to light intensity and length of light period within certain limits. 


Table 4. Correlation between the quantity of gametes liberated 
and the intensity of exposure to light period following to darkness. 


Light intensity 

in lux ; 

4000 400 40 

Light duration 
iba) SECs 

i +++ 4 ~ 
10 +++ ++ = 
30 ++ + -F _ 


Exp. 6. Effective wave length: (1) After sufficient dark exposure, the materials 
were exposed for 30 sec. to light of various wave length of equal energy. As light 
of high intensity could not be obtained through the filters, gametes in cells did not 
become sensitive to short exposures. Gametes were liberated under the light passing 
through a blue filter (430-450 my), while they failed to be liberated under green 
light (500-580 my). It appears that only light having a wave length shorter than 
200 my is effective in causing gamete liberation. Liberation can take place under the 
light of an ultra-violet sterilizer lamp. Since its light includes some light of 430-500 
my wave length range, it could not be concluded that ultra-violet was effective, but 
at least it is certain that it is not inhibitory. Light of wave length shorter than 500 
my is necessary to induce liberation of the gametes. 

(2) Instead of dark treatment, materials were illuminated with lights of various 
wave lengths. One or several hours later, they were exposed to natural light. Only 
the material kept under the filter of 430-540 my wave length failed to liberate gametes 


Table 5. Effective wave length in causing gamete 
activation 


Wave length of filters (mp) Liberation of gametes 


430-540 n 
500-580 sy 
540-640 2 
580-680 = 
510-750 2 
580-750 = 
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in natural light, like the all light controls. The light period under the other filters 
causing the liberation of great quantities of gametes on subsequent irradiation had 
an effect on liberation similar to that of darkness. 

(3) Only light of wave lengths shorter than 500 my was effective as interposed 


light, in nullifying the effect of a former dark period, as described in Exp. 4. 


Discussion 


Many studies have reported that initiation of flowering in seed plants and germi- 
nation of seeds are correlated with dark and light. The fact that swarmers of 
some sea-weeds are generally liberated in the morning has been observed by many 
investigators and it has been considered that light, following the period of darkness, 
acts as the stimulus for liberation. 

According to Ingold and Dring,® alternating exposure to darkness and light is 
necessary for spore discharge in fungus, Sordaria, and the blue light is the most effec- 
tive. The author’s observations on the Ulvaceous algae agree with those above. They 
show that the swarmers in this group also show the strongest phototaxis in the blue 
light, that is, they move most rapidly under the light of wave lengths below 500 my. 
Therefore it seems possible that the same kind of photoreceptor mechanisms occur 
in both the algae and fungi. This possibility is being investigated. 

On the basis of the results reported in the study, following scheme is suggested; 
Activation of gametes depends on two reactions A and B. Reaction A occurs in the 
absence of biue light; once it is completed, reaction B can occur after even momentary 
exposure to blue light. Light of other wave length is ineffective. Since Reaction A 
(effect of darkness) was found to be inhibited by low temperature (0 - 2°) for several 
hours (although it eventually appeared after several days), it is obviously some me- 
tabolic reaction which can proceed in the dark, while reaction B must be a photo- 
sensitive one. This situation is almost similar to the case reported on the germination 
of Nigella seed®. It is further suggested that admission of light before reaction A 
is completed, causes it to be reversed. Many phonomena consisted of two reactions 
stated above, have been observed in seed plants especially in the floral initiation, or 
the germination of seeds, or spores or some land plants*),®),©,9. Such momentary light 
reaction as B closely resembles to the stimulant light promoting the germination of 
Tobacco seed, “ Bright Yellow”. 

The finding that increasingly shorter exposures to darkness become effective as 
the state of “maturity” advances (Table 1) suggests that reaction A can proceed 
slowly even in the light. In this respect the gametes of Monostroma are similar to 
the swarmers of Ulva and Enteromorpha which are activated by other changes, such 


as immersion from desiccation, 
Summary 


It has been determined that exposure to light following a period of darkness ac- 
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tivates the immobile gametes in the cells of Monostroma. This report deals with a 
correlation between such activation and the light conditions concerned. 

1. After a sufficient period of darkness, exposure to light appears to act as a 


trigger agent. 
2. The length of darkness necessary to cause liberation becomes shorter as the 


oe 


“maturity ” of the gametes advances, and finally activation can occur without exposure 
to darkness. 

3. ‘The necessary duration of darkness is not additive. 

4. When the necessary dark period is interrupted by exposure to light, its effect 
is cancelled. 

5. Light periods following exposure to darkness: After a sufficient exposure to 
darkness, liberation was induced by 1 sec. irradiation, while insufficient dark periods 
required longer exposures to light. The condition of Ihr. exposure to darkness fol- 
lowed by 1 sec. light becomes sufficient to induce activation as the gametes become 
more “mature”. The quantity of gametes liberated after sufficient exposure to dark 
is proportional to the light intensity and length of light period within certain limits. 

6. Light of wave length shorter than 500 my is necessary for liberation. Light 
of wave length that was ineffective for liberation had an effect similar to that of 
darkness. Light of short wave length was effective in nullifying the effect of a pre- 
ceding dark period. 

From the above facts, it is suggested that in Monostroma the reaction which 
leads to activation of the gametes consists of two parts. The first reaction proceeds 
at a suitable temperature in the absence of blue light, and when this reaction is 
complete, the second reaction is induced by momentary exposure to blue light. 


The author is indebted to Ass. Prof., S. Arasaki through her algological works. 
The grateful acknowledgements are made to Prof. T. Miwa and to Dr. S. Ishikawa, 
Tokyo Universsty of Education, for their valuable and helpful advice and encourage- 
ment, and to Dr. J. Dan for suggestions concerning the preparation of the manuscript. 
Also her deep gratitude is due to the staff of the Misaki Marine Biological Station 
for their kindly and warm support. 
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In the course of study on chlorophyll in wound healing and in suppurative 
diseases, Bowers) suggested in 1947 the bacteriostatic action of chlorophyllin. This 
has been ascertained and extended further by many workers?*®. Kimura and 
Nakamura (1954)% found an inhibitory effect of chrolophyll derivatives upon the 
growth of Candida cells. The differential inhibition of viral hemagglutination 
by chlorophyllin was also reported by Dunham (1954 y10), 

Concerning the effects of these compounds on catalytic activity of enzymes, only 
a few reports have appeared heretofore. Rapp (1949)! found that the water-soluble 
chlorophyll blocked certain enzymatic activities of human saliva. Recently, an anti- 
hyaluronidase action of chlorophyll was described by Vecchio (1955)1!2).. Wasielewski 
and Albrecht® observed, in their studies on Bacterium proteus, that the proteolytic 
activity of this organism was considerably blocked by added chlorophyllin. On the 
other hand, an accelerating effect of chlorophyllin on digestion of serum and co- 
agulated egg-white by pancreatic preparation was described by Zirm and his col- 
laborators (1953)19 in the course of their studies on the formation of chlorophyllin- 
protein complexes. Since some inhibitors for tryptic enzyme have been demonstrated 
in pancreas), serum!) and egg-white!®, it is highly desirable for us to study the 
effect of chlorophyllin on proteolysis using purified enzymes and substrates. The 
present paper comprises some experimentations carried out with crystalline samples 
of both trypsin and some chlorophyllin compounds. Crystalline trypsin!” is rather 
stable on dialysis and is known to have neither characteristic prosthetic group nor 
coenzyme. Besides, various accelerators!®),! and inhibitors4™16, 20~2®) of this enzyme 
have been already reported. For these reasons, the crystalline trypsin has been 
used as test enzyme, and the studies on action mechanism of chlorophyllins toward 
proteolytic activity of trypsin have been carried out by the present writer since 
1955. 

Meanwhile, Morishita et al. (1957)3 studied the stimulating effect of various 
metallo-chlorophyllins upon hematopoietic capacity and stated that both metals and 
porphyrin structure were essential to the hematological effect. This is due to the 
formation of certain complex compound between serum protein and chlorophyllin, 
which was shown recently by Zirm e¢ al.3) who used labelled chlorophyllins. In 1954, 
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Kajita and Uchimura3) demonstrated that hematin combined easily with histidine in 
their dissociated state. In view of these facts, it is tempting for the present writer 
to know whether the chlorophyllins exert their effect upon trypsin as a metallo-por- 
phyrin itself or in some other forms. He32) already suggested that the inert complex 
formation constitutes a plausible mechanism responsible for the inhibitory action of 
chlorophyllin against trypsin. It has not been ascertained that the iron participates 
in the linkage between iron-chlorophyllin and trypsin, as already known in hemoglobin, 
cytochrome, catalase and peroxidase. And, an important radical in protein moiety 
of hemoglobin essential for the metalchelation consists probably in imidazole ring of 
histidine3~3), Besides, this and/or some other groups (SH, NHp, etc.) are also assumed 
in cytochrome c3%) and hemoglobin?*™43), That the carboxyl groups of protein are also 
responsible for heme-affinity was reported by Philipp4#) and Haurowitz4) on hemo- 
globin, by Theorell and Paul‘® on horse-radish peroxidase, and by Lemberg and Legged?) 
on hematin-albumin complex. In view of the structural resemblance between chloro- 
phyllin and heme (or hematin), it is interesting for us to study the mode of association 
between chlorophyllin and trypsin, especially because of the fact that an enzyme con- 
stitutes the partner of combination. 

Green*®) found that some protein substances inhibited trypsin in the manner 
which differed from the usual type of competitive inhibition. Besides, he studied in 
detail on the nature of interactions found in Ca ion, di-isopropyl fluorophosphate, 
mercuric chloride, protein-like inhibitors, and substrate. It seems to the present 
writer that the mode of action of chlorophyllin on trypsin should be clarified by 
stoichiometric and spectrochemical investigations about the interaction between 
chlorophyllin and other substances in the manifestation of tryptic activity. 

According to Gorini et a/.4%, trypsin is protected from its autolysis by divalent 
cations such as Ca*+ and Mn*+*. The effect of these ions is, after them, to be 
ascribed to a decrease in lability of the substrate molecule. 

On the other hand, the proteolytic enzymes are shown to be denatured by 
various treatments, e,g., heat-shock5),5), alkali-treatment®), 6 or 7 irradiation and 
ultraviolet52),53), whereas Ram and his associates™) and Herriott e¢ al.) observed the 
stabilization of certain proteolytic enzyme after its acetylation. This was accounted 
for as the result of linkage between acetyl group and susceptible site of enzyme. 

The present study aims at the elucidation of the following points: the inhibitory 
action of chlorophyllin on proteolytic activity of trypsin, the factors by which the 
action of the pigment is affected, the recovery of the inert enzyme, and the com- 
parison of the effect of divalent cations on tryptic activity and that of the metal 
derivatives of chlorophyllin. Moreover, evidences are also presented for the forma- 
tion of complex between chlorophyllin and trypsin. Besides, interactions between 
some effective agents and trypsin have been investigated in relation to the mechanism 
of action to the enzyme. From these experimental facts, a new biological role of 


metallo-porphyrin compounds will be indicated. 
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Materials and Wethods 


Crystalline trypsin used in this study was supplied by Mochida Pharmaceutical 
Co. (Tokyo), which was prepared according to the method of Northrop!? and 
lyophilized. This was carefully dialyzed against 0.001 N hydrochloric acid and made 
salt-free before use. 

Green48) pointed out that the protein substrates, Michaelis-Menten constants of 
which were much larger than the dissociation constants of the inhibitor-trypsin- 
complexes, were not suitable for the study of competition. Since casein was shown 
to have comparatively small Michaelis-Menten constant, casein according to Ham- 
marsten was used as material throughout in place of synthetic substrate. 

Copper-chlorophyllin (Na-salt) and magnesium-chlorophyllin (K-salt) were supplied 
by Wako Pure Chemicals, Ltd. and Nippon Biochemical Industries Ltd., respectively, 
and sodium-salt of iron-chlorophyllin was provided by-Dr. E. Yakushiji. These com- 
pounds together with other chemicals used in this experiment were purified by 
recrystallizations before use. 

Ovomucoid fraction was prepared from egg-white according to the following 
procedure: 100ml. of homogenate of fresh egg-white were precipitated by the ad- 
dition of 300 ml. cold aceton and filtered. The dried solid cake was extracted with 
100 ml. glacial acetic acid by shaking for one hour at room temperature. The filtered 
extract was added with 300 ml. absolute ethanol, whereby the mucoid fraction separated 
in floccurent form. This was collected by centrifugation, dissolved in 30 ml. of water, 
and was dialyzed thoroughly against running water through cellophane membrane 
(16°, 24hrs.). The dialysate was, after filtration, diluted up to 100 ml. with distilled 
water. 

Oleate used in this study was prepared by dissolving 28.2 mg. of oleic acid (10-4 M) 
together with small amount of 0.1 N sodium hydroxide and adjusted to pH7.1 with 
0.1N hydrochloric acid. The volume was also adjusted to 282ml. with distilled 
water. 

Saponifiable fraction of tubercle bacilli was extracted from the three-week cultures 
of Mycobacterium tuberculosis* with ether using Soxhlet’s apparatus. The extract 
was saponified with 0.1N sodium hydroxide, and filtered free from unsaponifiable 
precipitate. Then, the pH was adjusted to 7.1 with 0.1N hydrochloric acid. This final 
fraction amounted to 10ml. from every 5g. of wet culture. 

In order to extract the saponifiable fraction of tuberculous lesions of experimental 
rabbit lungs, 24 g. of fresh tuberculous lesions, which were obtained from the albino 
rabbits infected with 0.1mg. of two-week culture of Mycobacterium tuberculosis, 
Ravenell strain, at the fourth month from infection, were added with 96 ml. of 1/50 M 
phosphate buffer, pH7.1, and homogenized. The homogenate was, then, added drop 
by drop with 360 ml. of cold acetone. After filtration, the organic solvent was distilled 


* Aoyama and BCG strains, both grown on Sauton’s medium. 
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off iz vacuo, and the resultant insoluble matters were taked up in 24ml. of cold 
ether, and saponified with sodium hydroxide. The soap solution was adjusted to 
pH 7.1, filtered clearly, and was added with distilled water up to 120 ml. 

Kunitz’s method®® for the assay of tryptic activity was slightly modified into 
two systems as follows: The first assay system (designated as A.S. I): 


62,5 H.U.M.*/ml. trypsin solution in phosphate buffer (1/120 M, pH7.1)...... 1 ml. 


1mg./ml. solution of sodium-copper-chlorophyllin in phosphate buffer 
AE 2) ea A Ga ait, WRC ae ee oe le RC eal te 1 ml. 


By the addition of 1/120M phosphate buffer (pH7.1), total volume 
was adjusted to 8ml.. 
0.7% solution of casein in phosphate buffer (1/20 M, pH 7.6)..................5 ml. 

The above mixture except casein was pre-incubated at 30° for 30 minutes, and 
substrate was then added under cooling. The solution was incubated at 30°, for 
further 20 minutes, and 5ml. of the trichloroacetic acid reagent** was added in order 
to block the reaction and remove unaffected protein. The total volume of A.S.1I was 
8 ml., and that of the second (A.S. Il) was 10ml., and in these two systems final 
concentrations were same as regards individual components. Prior to comparative 
examination of assay systems, they were adjusted so as to contain the same kinds 
and amounts of the components, and allowed to stand for 30 minutes before filtration. 
An increase in amount of products of tryptic hydrolysis was measured by an increase 
in optical density at 280 my on acid-soluble fraction by means of spectrophotometer 
(Hitachi, EPU-2). In some cases, the total non-protein nitrogen was, in part, de- 
termined by colorimetric method modified by the present writer?2). 

The effect of effective agents on tryptic activity was evaluated by the following 
value, EF or 4A. 

E=A4A—AB, and 4A=Az.—Ap, 4B=B3)—Bo, 

where £ represents an effectiveness of the agent, and A is the photometer readings 
at 280 my obtained from the reaction mixture containing effective agent from the 
first, while B is those from the mixture in which the effective agent was added after 
blocking the reaction. The subscript such as 30 or 0 denotes experimental tempera- 
ture. JA represents the degree of proteolysis affected by the effective agents, and 
the 4B shows that of non-affected proteolysis. Hence, positive / means the accelera- 
tion, and negative & the inhibition of enzymatic hydrolysis. 

For the investigation of irradiation effect, samples were placed in 10mm quartz 
cuvette arranged in a semi-circle around a mercury lamp (Matsuda, 100 KL) at the 
distance of 10cm from the surface of lamp under protection against rise of tempera- 
ture by an electric fan. The whole experiment was carried out in dark room at 


15°+2° throughout. 


+*H.U.M. represents a unit of trypsin corresponding to 1/181000 of paces hemoglobin 
unit®”. 1H.U.M. of the sample used corresponds to 0.8 meg of crystalline enzyme. 

**Mixture of the equal vloumes of aqueous trichlor-acetic acid (6.36 g./dl.), sodium acetate 
(10.6 g./dl.), and glacial acetic acid (7.02 g./dl.), respectively. 
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Results 


1) Anti-tryptic action of chlorophyllins:—Table 1 shows the rate of digestion by 
trypsin in the presence of sodium-copper-chlorophyllin, sodium-iron-chlorophyllin and 
potassium-magnesium chlorophyllin at various concentrations ranging from 1.69- 
10-6M to 1.00-10-1M. It is clear that tryptic activity was inhibited by these chloro- 
phyllin compounds, and considerable differences in inhibitory action existed between 
magnesium derivative and the others. Similar effect was observed both in copper- 
and iron-derivatives nearly at the final concentration of 4.11-10-4M, but in lower 
concentrations copper-derivative more or less exceeded iron-compound, and magnesium- 


derivative was least active in inhibitory action. 


Table 1. Anti-tryptic action of copper, iron and magnesium ions 
and respective metal derivatives of chlorophyllin. 
(estimated by A. S. I). 

*#=4A—AB, where, 4A=Ajy—Ay, 4B=By,—By (Cf. the 


text. ): 
= = - - 
eee ues: ae see ae Sue 33 
free combined free combined | free combined 
OK) oO VN | —0, 306 
35.03) ° L0is2 M —0,324 
1.11 - 10-2 M —0, 349 
3.70 + 10-3 M —0.357 
1.23-10-8 M | —0.146 —0.346 | -—0.039 —0.350 +0.020 —0.,296 
411-107 M | =0,020 40,338 | 0.014 —0/897 | +0016.) 20,0 
Nore © MGie Ns | +0.018 —0. 334 +0.016 —0. 282 +0.010 —0.(70 
AO LOS PIN | —0.232 | —0. 056 —0.013 
ab Ze= OSS —0.041 | —0.029 —0. 004 
5.08 - 10-§ M —0, 004 —0. 004 —0. 002 
1.69 - 10-§ M —0.001 | —0.001 —0. 001 
0 0 0 0 
2) Comparison of anti-tryptic action of _e* 
chlorophyllin at different pH:—The effect of 4 
pigments on tryptic digestion within the rang weet cee 
of pH 5.0 to 85 are depicted in Fig. 1. This 2 
curve corresponded to the pH-activity curve of 
trypsin. The nearer the pH of reaction systems 0 
to the optimum pH of tryptic activity, the 2 g a 
greater was an inhibition caused by chloro- Fig. 1. Relation between pd 
phyllin. value and effect of chlorophylin 
3) Influence of buffer solutions on anti- en activity Muheasinr erty 


tryptic action of chlorophyllins :—According to * Cf. the text. 
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Table 2. Relations between various buffer solutions and anti-tryptic action of 
chlorophyllin (measured by A. S. 1). 


“C7. the text. 


=e : 7 7 

Final 3 

; Buffer 
concentration 
Phosphate | Veronal Acca } Borate _ Acetate- ae 
igs ahaie a |e ie aan Ses Citrate 7 

1/15 M 0.544 OF352 0.675 0. 441 0. 666 0. 706 
1/120 M 0. 600 0. 440 0. 605 0.449 0.426 0. 612 
1/960 M 0. 562 Oya 0. 364 0.479 0. 042 0. 338 
dist. water 0. 280 0. 280 0. 280 0. 280 0. 280 0. 280 


McCann‘®), the salt concentration exerts a significant influence to the effect of blood 
plasma trypsin inhibitor. Accordingly, it is necessary to examine the effect of buffer 
solution in detail. From the results obtained, it seemed likely that an optimum con- 
centration of buffer solution existed, at which chlorophyllin showed the maximum 
inhibition on trypsin. From this viewpoint, buffer solutions used in this experiment 
could be classified into three groups as shown in Table 2: (1) the optimum concen- 
tration stood at the final concentration of 1/120:M, and at higher or lower concen- 
tration an appreciable diminution of anti-tryptic activity of chlorophyllin followed. 
(2) the optimum in question stood at 1/960M, and (3) the optimum concentration 
stood at 1/15 M. In the last group, a parallelism certainly existed between the con- 
centration of buffer soiution and the inhibitory rate of proteolysis by chlorophyllin. 
4) Influence of pre-incubation upon 


“3 trypsin-inhibition by chlorophyllin :— Fig. 2 
shows that the pre-incubation of assay 

ih system comprised a key point in anti- 
2 tryptic action of chlorophyllin. It is also 
suggested that chlorophyllin reacted with 

ae ede Cand 6 740 trypsin according to the first order reaction. 
Time en min. 5) Recovery of activity in  chloro- 

Fig. 2. Relation between pre-incuba- phyllin-inactivated trypsin. 


tion and activity of chlorophyllin- 
trypsin system. (measured by A.S.1) 
* Cf. the text. activation experiment of trypsinogen, which 


was considered to be an unknown peptide-trypsin compound, by acid treatment, 
Lisbonne®®) demonstrated that trypsin could be liberated from trypsinogen within the 
limited range of pH, that is, at an isoelectric point of the unknown peptide com- 
ponent. Since chlorophyllin was easily precipitated from the aqueous solution in 
acid reaction, it was interesting to know whether the acid treatment was favour- 
able for reactivation of trypsin previously inactivated by chlorophyllin. In this 
experiment, a chlorophyllin-trypsin mixture, which was pre-incubated at 30° for 30 
minutes, was carefully added with increasing amount of hydrochloric acid under cooling, 


a) Reactivation by acid-treatment. In an 


Ins 
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whereby pH was adjusted to various values 
ranging from 2.00 to 7.09. The mixtures were 
allowed to stand at 37° for two hours. Sub- 
strate was, then, added to the mixture under 
cooling, and the activity of enzyme was measured 


as already mentioned. As can be seen from Fig. 


3, the enzyme once blocked seemed to be activated 
Bu / ; / UMS iy eactivati ftaypsi 
again in an acid reaction (nearly at pH4.2), but Bigoe. Reactivation so) ee ip 
j affected by chlorophyllin by treat- 
ment with 1/50M HCl. (measured 
b) Reactivation by means of ammonium sul- by A. S. [1) Ordinate: the dif- 


not in neutral reaction. 


fate. Jacobsson®) reported on the reactivation ference ibetweems Jos alas eroe 
: , : frectedun aan tained from the treated and non- 
f i ry DS cte 7 SOY . 
etiect, 10} ea SONS Ly ypSiiarrecte pay Peal treated systems, respectively. The 


inhibitor. According to him, inhibitor which is dotted. line shows the level of 
protein in nature has to be separated and preci- tryptic activity before acid-treat- 
ment. 


pitated by urea resulting in a liberation of active 
trypsin. Ammonium sulfate behaved similarly, and even promoted the catalytic 
activity of trypsin at lower concentrations as shown in Table. 3. On the other hand, 
chlorophyllin itself reacted with ammonium sulfate and formed an insoluble complex. 
Therefore, it was likely that this salt could attenuate the blocking effect of chloro- 
phyllin on proteolysis. In fact, the de-inhibitory action of ammonium sulfate against 
chlorophyllin-trypsin mixture was ascertained in the present experiment, in which 
the pre-incubated pigment-enzyme mixture was added with various amounts of 
ammonium sulfate and incubated at 37° for further two hours. Then, the reaction 
mixture was treated as 

usual and the  photo- Table 3. Fffect of ammonium sulfate on the activity of 
meter readings at 280 trypsin and reactivation of chlorophyllin- 


typsin-complex treated with ammonium sul- 


my of the resulted acid- fate at lower concentrations. 


soluble fraction are (measured by A. S. IL). * Cf. the text. 
arranged in Table. 3. ~~ er ba cr BE 
6) Effect of free Final z nee eee I ee ee 
; concentration Bifect of CNH, )sSO, | Effect of GNH,),SO, 
heavy metal-ions on on tryptic activity | on reactivation 
tryptic activity :— From 1/20 M 0.518 0. 5380 
the data im Table i, it 1/30 M 0. 527 0. 580 
is evident that Cut+ and 1/35 M 0, 587 0. 589 
Fe** inhibited the activi- pe Dee O00 
1/50 M .63 

ty of trypsin, but their : y ; rie 
ee 1/60 M 0. 661 0. 881 
e 3 ‘ 

ects were much smal 1/70 M 0. 627 0. 580 
ler than those of Cu- 1/85 M 0. 627 0.570 
and Fe-derivatives of 1/110 M 0. 616 0,564 
chlorophyllin at an equal L/SA0 OM 0. 607 ve 
concentration respective dist. water 0. 567 (0; ala? 
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of the metals concerned. Mg** tended to promote proteolysis contrary to the fact that 
Mg-chlorophyllin acted rather unfavourably against tryptic activity as already men- 
tioned (cf. Tab. 1). 

7) Effect of potassium cyanide on the anti-tryptic activity of sodium-iron-chloro- 
phyllin :—Potassium cyanide showed almost no inhibitory effect on trypsin at and 
near neutral reaction as shown in Table 4. 


Table 4. Effect of potassium cyanide on inactivation of trypsin by chlorophyllin 
(estimated by A. S. ITD. * Cf the text. 


Composition of reaction systems 


Final concentration of Final concentration of 
No. chlorophyllin | ss TKCN | ali he 
5 - 10-M 1-10-M | 1.2-10--M | 2.4-10-"M 
1 + | | 0, 490 
2 - + 0.511 
3 | a | 0.720 
4 ss! 0. 489 
5 | as | =e 0.490 
6 | 3: 0.727 
7 a 0, 600 
8 a + 0. 660 
9 he 0.726 
10 ah 0. 639 
sl | + + 0. 639 
1D | 3: 0. 738 
13 | | 0.744 


It might well be assumed that the iron-chlorophyllin reacted with potassium 
cyanide in similar fashion as hemin did. Therefore, a mixture of iron-chlorophyllin 
and potassium cyanide was incubated at 30° for 30 minutes, and trypsin was, then, 
added to the mixture and kept again at 30° for 20 minutes. The rate of pro- 
teolysis was estimated thereafter. The results were summarized in Table 4. It 
became evident that an unfavourable effect of iron-chlorophyllin on proteolysis could 
be abolished by added potassium cyanide. 

8) Absorption coefficients and dissociation 
constants of chlorophyllins :—Chlorophyllins in- 


3 tensely absorb light at three wave lengths (Fig. 
2 4), and the absorption coefficients of copper 

derivative in 1/15M borate buffer (pH 7.1, 20°) 
: stood at en39=2.64- 108, e4y7=3.52+105 and egg9= 
300 400 600 9.6 - 106, respectively. 


DN tin mA. 


Fig. 4. Absorption spectrum 
of Fe uonoperate stants (pKa’) of chlorophyllins, pigments were 


For the determination of dissociation con- 
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dissolved in buffer solutions having various pH 
values ranging from 1.0 to 11.4, and the optical 
densities at the Soret band were measured. 
From the curves in Fig. 5, pKa’ values of chloro- 
phyllins were obtained as follows: 
Copper-chlorophyllin : OKAy 7 orl, Disa 20-2 
Iron-chlorophyllin : pKay’; 3.7, pKag’ ; 8.7 
Magnesium-chlorophyllin : pKay’ ; 3.7, pKa’ ; 7.6 
9) Absorption spectrum of the mixture of 
chlorophyllin and trypsin :—The spectrochemical 
study on this mixture was carried out with 


the following three samples; (1) the phosphate 
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buffer solution of trypsin (plH8.0), 


phosphate buffer solution of sodium-iron-chloro- 
phyllin (pH 8.0), and (3) a mixture of equal 


volumes of (1) and (2). 
treated at 30° for 


ments. 


the 


Dissociation curves 


Rigs so: 
of Fe- (1), Cu- (2), and Mg 
(3) derivatives of chlorophyl- 


The solutions were lin. 
30 minutes before measure- 


The results showed that the Soret band at 407 my of sodium iron chlorophyllin 


shifted onto 410m and simultaneous exaltation in optical density occurred after 


mixing both components (Fig. 6). 


Fig, 6. 


Absorption spectra of chloro- 
phyllins and of the mixtures of trypsin 
and pigment. The measurement was 
made after keeping at 30° for 30 mi- 
nutes. Curves 4,5 and 6 show the absorp- 
tion spectra of various concentrations of 
Fe-chlorophyllin, and 1,2 and 3 show those 
of the corresponding chlorophyllin-trypsin 
mixtures. The contents of the components 
were 5 mcg./ml. of chlorophyllin for curves 
1 and 4, 2 mcg./ml. for curves 2 and oe 
1meg./ml. for curves 3 and 6, and 6 mg./ml. 
of trypsin for curves 1, 2 and 3, 


10) Absorption spectrum of the mix- 
ture of chlorophyllin and histidine or trypsin 
in the presence of potassium cyanide :—An 
attempt was made to study the effect of 
potassium 


cyanide on the formation of 


chlorophyllin-trypsin complex. In this ex- 
periment, a phosphate buffer solution (pH 
8.0) of iron-chlorophyllin was mixed with 
potassium cyanide solution, and this mix- 
ture was added to the phosphate buffer 
solution (pH 8.0) containing histidine which 
was considered by Gutfreund*) to be 
an essential constituent of trypsin for 
its catalytic action. Apparently, a con- 
siderable difference was observed between 
the spectrum of chlorophyllin-trypsin 
mixture and that of the pigment-potassium 
cyanide-trypsin mixture, as shown in Big. 7, 
Similar results were also obtained with 
trypsin in place of histidine. 
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D 
14 
400 4l0 
Pp Ae 420 1.0 
Fig. 7. Absorption spectra of 


chlorophyllin-KCN mixture (1), 
chlorophyllin-histidine mixture 

(2) and chlorophyllin-KCN-his- 

tidine mixture (3). Final concent- 

ration of each component: his- 6 
tidine 0.97 mg./ml.; KCN 1/300 mM; 

Fe-chlorophyllin 1/20000 M3; each 

in phosphate buffer, pH 7.5. 


11) Absorption spectrum of the mixture of 2 
chlorophyllin and casein:—Light absorption of 
the chlorophyllin-casein mixture was measured ) 
in the same way as above. It was found that 240 280 
A tn mp. 


the spectral curve of the mixture lay just in a f : 
Fig. 8. Absorption spectra of 


balf way between the curves of the two single chlorophyllin (1), casein (2) and 
LP piiiecturerOn po Lnin() asap he 
j oie concentration was 30 mcg/ml 
12) Dissociation constant (A;) of chloro- for chlorophyllin, and 0.07% for 
casein, Phosphate buffer, pH 
8.0, was used as solvent. 


components, as shown in Fig. 8. 


phyllin-trypsin complex and Michaelis-Menten 
constant (A,,) of trypsin-casein system :—1/20 M 
phosphate buffer solutions (pH 7.1) containing casein in varying concentrations were 
added with trypsin together with chlorophyllin in the cold, and the solution was stood 
at 30° during 10 minutes. After fixing the reaction with trichloroacetic acid, the 
optical density of an acid-soluble fraction was measured as already mentioned, and the 
values obtained were plotted according 
to Dixon’s method). The following 
results were obtained therefrom : about 
3.68-10-4M for K; and 1.48-10-5M for 
apparent A,,. But the molecular weight 
of casein used in this study was assumed 
as 89,000. As seen from Fig. 9, three li- 
near curves obtained cut each other at a 


point not on the base line. Here, it must 


12 10 65no0 2. Or 52 4H) , , 
Cone of inhibitor (x/0-*M) be added that in a range of concen- 


Fig. 9. Estimation of dissociation constant trations of substrate higher than 6.4- 
of \cliloroptiyllimtsypsiny compound. “he {0-6 M, linear curves were not obtained 


gt 


icentration of substrate corresponds 3,2 : f 
Se i at any concentrations of chlorophyllin by 


10-5 M to curve 1, 1.6-10-5M to curve 2 and 
32-10-8M to curve 3, respectively. Lineweaver-Burk’s plotting method®). 
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Table 5. 


on the activity of trypsin. 


PCy, WMS WOXtt, 
(measured by A. S. I) 


pe ie 4 A* 
Alea tas INL 0, 447 
1/6.25 M 0. 626 
A feds IRS) INI 0.726 
1/1.56 M 0. 767 
1/0.78 M 0), AK 

dist. water 0. 707 


Effect of calcium chloride 
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13) Interaction between chlorophyllin 
and some agents, which were favourable for 
trypsin activity:— a) The present writer 
examined the effect of calcium chloride on 
the activity of trypsin and found that there 
was an optimum concentration for the pro- 
motion of tryptic activity as shown in Table 
5. For the test of interaction between pig- 
ment and calcium chloride, individual com- 
ponents of assay system were successively 
added in different order. Among the pre- 
incubated systems in the presence of both 
enzyme and chlorophyllin and/or calcium 


chloride, the photometer readings at 280my of acid-soluble fractions were larger in cal- 
cium-containing system than in the others, and it seemed that the inhibitory action 


of chlorophyllin was abolished by calcium chloride. 


This tendency was more or less 


disturbed in the systems pre-incubated with substrate but not with enzyme (see Tab. 6). 


b) Diluted ammonium sulfate, too, accelerated the proteolytic activity of trypsin as 


shown in Table 3. 


From the same interaction test as above, the similar results were 


obtained in the case of this salt, as shown in Table 7. 


c) Tables 8 and 9 show that 
ovomucoid inhibited the cata- 
lytic hydrolysis of casein, but an 


additional effect was brought 
about by chlorophyllin. 


fore, an 


‘There- 
inhibitory effect of 
chlorophyllin on trypsin seemed 
to be reduced by added ovomu- 
coid. An additional effect could, 
however, be recognized in the 
system containing all compo- 
nents prior to reaction. 

d) Oleate showed an inhibitory 
effect on trypsin (see Tab. 10). 
In the presence of both chloro- 
phyllin and oleate, the pre- 
incubated reaction systems gave 
smaller photometer-readings at 
280 my than without oleate. 
The effects of oleate and chloro- 
phyllin seemed to be additional 
qgsee, Tab. 11); 

e) The saponifiable fractions 
of both virulent and avirulent 


Table 6. 


Effect of chlorophyllin on the activity 
of trypsin affected by calcium chloride. 
Values of JA were measured by A. S. II. 
Cf. the text. Ez trypsin: S 
chlorophyllin, 
of 1/1.56 M 


: casein, Ge 
X: CaCl», at final concentration 


Pre-incubation Reaction 


(30°C, 30 min.) (80°C, 20 min.) AA* 
EX S C | 0.601 
EX SC 0.505 

ECX S 0. 435 
EC Sx 0. 050 
EC 3 X | 0x047 
SX E C | 0.625 
SC EX 0. 581 
CX Bs 0.545 
SX EC 0, 530 

SCX E 0,515 
SC E Soul Omag 

ESX Cy 0.774 
ES CX | 0.544 
ESCX 0.510 
ESC X | 0.435 
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Table 7. Effect of chlorophyllin on the activity 


of trypsin affected by ammonium 
sulfate. (measured by A. S, II) 
“Gi the text) Es Tirypsine Si: casein, (ee 
chlorophyllin, X: (NH,),SO,, at final 
concentration of 1/60 M 


Pre-incubetion Reaction 


(30°, 30 min.) (30°, 20 min.) AAs 
EX $s CN Onnue 
EX Ne OST2t 
ECS S 0. 677 
EC SX 0. 198 
EC S XING) 1169 
SX E 0. 917 
SE le) PONSSG 
SONS E | 0.834 
SX EC 0. 834 
CX BS | 0. 834 
SI E ROO Sse 
ESX C | 0.794 

ES Cx 0.692 

ESCK 0. 663 

ESC xX | 0.526 
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Table 9. Effect of chlorophyllin on the activity 

affected by ovomucoid 

(measured by A. S. I1) 

* Cf. the text. E: trypsin, S: casein, °C; 
chlorophyllin, X: ovomucoid, at final 
concentration of 1: 800 


of trypsin 
fraction. 


Pre-incubation Reaction | 
302,30 mms) (30°, 20 min.) AA* 
EX Ss & 0.311 
EX IE 0. 289 
ECX iS; 0.079 
BC S a 0. 069 
EC SX 0. 046 
SX E € || 0.602 
SCX E 0. 391 
SC E x 0. 383 
Se EX | 0. 381 
SX EC 0.381 
CX BS 0. 292 
ES CX | 0.605 
ESX (rafal 
ESC x me 351 
ESCX | 0, 212 


Sor 


Table 8. Effect of ovomucoid frac- 
tion on activity of trypsin. 
(measured by A. S. I) 
eo (Oy, Wie wert, 

; Final ; AA * 

concentration 
TI: 200 OmuZ 
1: 300 0. 148 
1: 400 0. 161 
1: 800 0, 226 
1: 2000 0, 386 
1: 3000 0.517 
1: 4000 0. 627 
1: 8000 Ons 

dist. water 0.817 


Table 10. Effect of oleate on the 
activity of trypsin. 
Each value was measured 
yA Sauls 
“8 (Gy, (aes HENCE 
eee ce Ee 
1/ 100 M 0. 206 
1/ 200 M 0. 207 
1/ 400 M 0. 207 
1/ 600M 0, 236 
1/ 800 M 0, 266 
1/ 3300 M 0. 298 
1/ 5000 M 0.341 
1/10000 M (0). 447 
1/20000 M 0, 520 
1/40000: M OL Ont 
1/80000 M 0, 626 
dist. water 0. 722 


strains of Mycobacterium tuberculosis were tested in connection with the blocking ef- 
fect of chlorophyllin on trypsin. These fractions brought forth a considerable inhi- 
bition toward the proteolytic activity of trypsin as shown in Tables 12, 13 and 14. 
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The interaction between the pig- Table 11. Effect of oleate on the activity of 
Ga hove ATActions trypsin. (measured by A. S. IJ) 
tgs - ‘iO/s tine west. E: trypsin, S: casein, C: 
was not, however, essentially chlorophyllin, X: oleate, at final 
different in comparison with concentration of 1/5000 M 
e case of oleate, except that Pre-incubation Reaction 
om ee s a (30°, 30 min) @302,, 20 mim.) A4A* 
the actions of chlorophyllin and = ote | ‘ 
tubercle fractions were weaken- EX S |e state! 
ed each other in the systems EX SC Os 
: : Ee SX | 0. 093 
re-incubated. In these experi- 
’ . 5 BC < xX 0.074 
ments, the rate of proteolysis ECX e mee 
was represented by an increase 
of total nitrogen of acid-soluble SX E C | 0.633 
fractions by an improved method SC EX 0. 633 
of colorimetry22). SC E X | 0.619 
SX EC 0,605 
f) Anextract from the tubercu- re ‘ 
: £ | iseans SCX E 0. 587 
Obs lesions of experimental rab- Cx BS jeeee 
bit lungs was also shown to have 
an unfavourable effect on trypsin ES cx | 0.633 
(see Tab. 15). So, an experiment ESX C | 0.633 
was made to settle the question : ESC xX . 935 
is there any interaction between 7 ewe ESCX - 503 
the lung-extract and chloro- 
phyllin ¢ The result was Table 12. Effect of saponifiable fraction of tubercle 


found to be almost the 


same as that of the ex- 


bacilli on trypsin-activity. 
* Cf. the text. 


tracts of tubercle bacilli 
‘see Tab. 16). The ac- 


tivities of enzyme were 


Final 
concentration 


AA* 


Fraction from 
virulent strain avirulent strain 


determined by the mea- 1s 30 
sure of total nitrogen 1: 500 
contained in acid-soluble SY 
fractions. : Pay 

14) Effect of chloro- es a 
phyllin on autolysis of 1: 5000 


trypsin :—Fig. 10 shows 


dist. water 


569 


0.529 0, 

0.520 Qroot 
0.500 0. 485 
0, 496 0.477 
0. 498 0. 507 
0,516 0. 526 
0.522 0.524 
0.525 0.525 


that, within 4-hour period 


after initiation of autolysis, no increase in optical density was brought about by an 
acid-soluble fraction of the chlorophyllin-containing system, although the optical 
density increased appreciably by the same fraction obtained from chlorophyllin 


lacking one. 


in both cases. 


At the end of 24-hour period, trypsin commenced to undergo autolysis 
At this stage, difference in photometer-readings at 280 my between 
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Table 13. Effect of chlorophyllin on the activity 
of trypsin affected by saponifiable 
fraction from virulent strain of A. 
tuberculosis. (measured by A, S. II) 

Cj. thestext. Ee tn ys So: Gasein, C: 
chlorophyllin, X: saponified fraction 
at Hnal concentration of 1: 1000, 


Pre-incubation Reaction 
(307, 30 min.) (30°. 20. min.) | AA* 
EX Ss} C | 0.467 
EX SiG; 0. 367 
ECX ‘S) 0. 141 
JKC: S x 138 
EC SX 123 
S€ EB Xx | 0. 603 
SX E COs nr 
SCX E 0.571 
S¢ EX 551 
SX EC 531 
CX ES 0. 484 
ES (Ope || WE Sysiil 
ESX C | 0.577 
ESC X 0.476 
ESCX Q. 457 


Table 14. Effect of chlorophyllin on the activity 
of trypsin affected by saponified 
fraction from avirulent strain of M. 
tuberculosis. (measured by A. S. I!) 

Gd. the Lex Ma iypsings Sa casein, \C: 
chlorophyllin, X: saponified fraction, 
at final concentration of 1: 1000 


Pre-incubation Reaction 
(30°, 30 min.) (30°, 20 min.) AA* 
EX S Cc | 0.446 
EX SC 0. 374 
ECX S 0. 147 
EG = x |) 0.186 
BS SX 0. 136 
SX E Gy 07621 
SO. Li 0.581 
SE E Ke ON S7Z 
sé BX 0. 567 
Sx EG, 0. 547 
CX BS 0. 487 
ES CX 10) 583 
ESX CG WOnses 
Se x EO rol 7 
ESCX 0.477 
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Table 5. Effect of saponifiable 


fraction of tubercles on 
tryptic activity. (mea- 
SuUneC Dye on 1) 

* Cf. the text. 


Final A Ax 
concentration 


IS 1s 0. 509 


IGE Alle 0. 588 


dist. water 0.638 


the two systems was found to 
be almost the same as_ that 
measured at the end of the 
first 4-hour period. 

15) Effect of chlorophyllin 
on UV-denaturation of tryp- 
Sin :— 

As reported by Pace®2) and 
other authors®3), trypsin was 
denatured by ultraviolet irradia- 
tion, as shown in Fig. 11. 
Denaturation curves were made 
by plotting the difference of 
the photometer-readings at 280 
my: obtained from the irradia- 
tion and non-irradiation sys- 
tems. In chlorophyllin-free sys- 
tems, the difference in optical 
density at 280 my increased 
almost in parallel with the 
irradiation time. But, in chlo- 
rophyllin-containing systems, 
the difference increased rapidly 
at an early stage of irradiation, 
but slowly and slightly at later 
stages. 

16) Effect of chlorophyllin 
on heat-denaturation of tryp- 
Sin :— 

a) For the present purpose, 
the denaturation was indicated 


400 mi oy OO! MRR OTL 

Table 16. Effect of chlorophyllin on the activity 
of trypsin affected by saponified 
fraction from tuberculous lesions of 
experimental rabbit lungs.  ( Bach 
value was obtained by A. S. 11). 

AG iin (IME (HES. E: 
chlorophyllin, x: 
tion, at final concentration ron als Sy 


trypsin, S: casein, Ge 


saponified frac- 


Pre-incubatihn Reaction | ; 
(30°, 30 min.) (30°, 20 min.) AdA* 
EX S C 0. 569 
EX SC 0. 547 
ECX S 0. 471 
EC Ss X 0.158 
EC SX 0.155 
SC Hi, x 0.671 
Sx E 0. 613 
_ EX 589 
SCX E OL at 
CX ES Oeor3 
Sx iC 0.571 
ES CX 0. 667 

ESX c 0. 607 

BSC x | OLS 

ESCX 0,557 


0 4 12 20 
Timein hrs. 
Fig. 10. Change in content of acid-soluble 


fractions during the course of autolysis of 
trypsin. 1: system without the pigment, 2: 
system with thepigment. Trypsin: 5 mg./ml. 
in 1/15M phosphate buffer, pH 7.1; total 
volume: 20 ml. ordinate: increase in pho- 
tometer-readings at 280 my. 
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0 2 4 
Time in hes. 


heaee, Ale 
lin on denaturation of trypsin 
UV-irsadiation. (Gate 
Curves 1 and 1’ show the 
changes in photometer-readings 


Effect of chlorophyl- 


by 
LEScii. 


at 280 my in chlorophyllin-free 
and 2! 
show those in pigment-contain- 


systems, and curves 2 


ing systems. Curves 1 and 2 
are related to non-irradiated 
systems, and 1/ and 2/ to the 
irtadiated systems. 41=1—1’, 
A2=2—2!; trypsin: 240 H.U.M./ 
ml.; chlorophyllin: 1 mg./ml.; 


solvent: 0.14M NaCl. 


by the rate of proteolysis by 
means of the systems  pre- 
incubated at 30° or 50°. As 
shown in Fig. 12, enzyme ac- 
tivity was lost rapidly within 
the first 30 minutes in pigment- 
the 
curve ran almost parallel with 
In chlorophyllin-free 
system, the enzyme activity de- 


containing and 


system, 
abscissa. 


creased only slightly on pre- 
incubation at 30°, 
the case of pre-incubation at 
00°, significant but gradual 
loss of activity was observed 
throughout the whole range of 


while in 
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incubation time tested. Accordingly, two 
curves, which were made by plotting the 
difference of the photometer-readings at 
280 my obtained from the preincubated 
Systems at 30° or 50°, corresponding 
to the presence or absence of chlorophyl- 
lin, were separated from each other, 
according to the length of preincubation 
time. 

b) The change in tryptic activity was care- 
fully examined by heating the neutral en- 
zyme solution at 92° for 10 minutes. Table 
17 shows that in systems having no 
chlorophyllin, the inert trypsin affected by 
heat was slightly reactivated after stand- 
ing for two hours within the temperature 
range 0°~20°, but not the case in chloro- 
phyllin-containing system. When the sub- 
strate was added prior to heating, the 
reactivation occurred to the same extent, 
irrespective of the presence or absence of 
chlorophyllin (Tab. 17). 

c) Following tests were also carried out: 
pre-incubated systems were added with a 


Time in min. 


Fig, 12. Effect of chiorophyllin on 
the denaturation of trypsin by heat. 
* Cf. the text. Curves 1 and 1!’ show 
the changes in photometer-readings at 
280 my in the chlorophyllin-free systems 
and 2 and 2/ show those in the pigment- 
containing systems. Curves 1 and 2 
were obtained with non-heated systems 
and 1/ and 2/ with heated ones. 41=1 
—1!, 42=2—2/; trypsin: 240 H. U.M./ml.: 
chlorophyllin: 1mg./ml.; reaction me- 
dium.: phosphate buffer; total volume: 
4 ml. 


Table 17. Effect of chlorophyllin on the reactivation of heat-denatured 


trypsin. 
PS: Substrate was added after heating 


the enzyme solution at 92° 


for 10 minutes, and the system was kept at various 
temperatures for various length of time. The activity 


was measured by A. S. II. 


AS: Substrate was added before treatment. 
eV Ctep ie wbesb. ** photometer-readings at 280my of acid-soluble 


fractions. 


Trypsin: 240H. U. M./ml.; chlorophyllin: 1mg./ml.; solvent: 0.14M 


NaCl); total volume: 4 ml.. 


Condisenmecoslide Chlorophyllin (+) Chlorophyllin (—) 

after heat-treatment PS(4A*) AS (D**)| PS(4A*) AS (D**) 
O°, 120 amin, + 20% \ 0 min: 0. 000 0. 580 0). 261 0. 610 
0?, 90 ww > 20% 30 0.032 0.760 0. 260 0. 809 
OS, GO =. Aue, tli 0. 026 0. 890 mone 0.933 
C2 30 1 SUR BY 0.041 Hl EU, 0. 281 0. 992 
02 OF ip S220. II) 7 0. 031 1,192 0. 280 1.030 


402 fil ty % ME #R 71 A BB 845-846 GF wan 33 4611-12 8 
series of 1/15M buffer solutions (acetate buffers 
of pH 4.0~4.8, and phosphate buffers of pH 5.2~8.3) 
and kept at 42° for 12 hours and their enzyme 
activities were followed at various time intervals. 
From these results, it was shown that in zero time, 
the activity of trypsin became higher at higher 
pH value, however at the second hour of heating, 
the pH-activity-curve of chlorophyllin-trypsin 
mixture showed the maximum value at pH 6.0. 
After 12 hours of incubation, this peak shifts into 
an alkaline side (pH7.1~7.6). When a system 


having no chlorophyllin was kept at 42° for 12 


hours, the activities of trypsin fell off in the 


strong alkaline region (see Fig. 13). 4 a 8 


Fig. 13. Change in activity 
Discussion of chlorophyllin-trypsin com- 
plex during the course of incu- 
bation at 42° in phosphate 
have been published in relation to the bacterio- buffer. * Cf. the text. Curve 
1: plotted by zero time read- 
ings. 2: after 4-hour incubation. 
3: after 12-hour incubation. 3/: 
stand the said effects as the secondary manifesta- corresponding to the chlorophyl- 


Although an appreciable number of researches 


static and/or bactericidal actions of chlorophyllin, 


according to which the present writer can under- 


( . eae 7 in-f a cycta C ey ye 

tion of its inhibitory actions toward enzyme sys- lin soa — after 12-hours. 
trypsin: 500 H.U. M.'ml.; chloro- 
phyllin: 1 mg./ml.; total vol- 
the incipient effect of the pigment on enzymes, ume: 4 ml.. 


tems, only a few can be enumerated as regards 


namely the work of Rapp!, Vecchio!2), Wasielew- 

ski e¢ al, and Zirm and his co-workers!), the last two investigations of which 
authors dealt with proteolytic enzymes, but gave contradictory results each other 
as to the effect of the pigment. This is probably due to the difference of enzyme 
source on one hand, and to the impurity of materials on the other. Therefore, 
precise examinations were carried out by the present writer using the purest samples 
of chlorophyllin derivatives and crystalline trypsin. In fact, an anti-tryptic action 
was demonstrated in any of the three chlorphyllins even in their lower concentra- 
tions. The chlorophyllin derivatives used contain divalent metals, Meg, Fe, and Cu, 
respectively, and some of these metal ions have been proved to have an inhibitory 
action against trypsin. It is known that neither Cu nor Fe ion inhibits trypsin in 
Such a concentration that just corresponds to an effective concentration of respective 
chlorophyllin derivatives, however, Mg ion more or less promotes an enzymatic pro- 
teolysis under the same condition. Accordingly, it follows that chlorophyllins them- 
selves have an anti-tryptic capacity, which is different from that of the metal ions 
alone, 


From the pre-incubation-activity curve of chlorophyllin-trypsin system, it is 
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indicated that the inhibition proceeds in accordance with the reaction of the first 
erder. Thus, one of the plausible mechanisms of anti-tryptic action of chlorophyllin 
may be as follows: (1) Chlorophyllin combines with the chlorophyllin-affinic groups 
of trypsin at and/or near the site of active center of the enzyme according to the 
first order reaction. (2) Thus, the masking of the enzyme is followed by a loss of 
proteolytic activity. 

The reactivation of chlorophyllin-trypsin complex by acid-treatment seems to be 
due to its dissociation, since pH-dependence of the reactivation can be recognized. 
An inert trypsin-chlorophyllin complex can be reactivated also by ammonium sulfate. 
In this case, the release of chlorophyllin-residues should be brought about by am- 
monium sulfate resulting in a liberation of active trypsin. 

Direct evidence for the formation of chlorophyllin-trypsin complex has been 
obtained by spectroscopic examinations, in which a shift of absorption at Soret band 
towards longer wave-length as well as an exaltation in optical density was observed 
after mixing trypsin with chlorophyllin. As mentioned above, metallo-porphyrin has 
been shown to combine with other substances, e.g., protein, at the site of its metal 
and/or side chains. The similarity of the spectrum of Fe-chlorophyllin-cyanide- 
trypsin complex to that of chlorophyllin itself, and the neutralization of anti-tryptic 
action of Fe-chlorophyllin by potassium cyanide, strongly support the concept that 
the iron of Fe-chlorophyllin is involved in the combination between chlorophyllin and 
enzyme protein. In other metallo-chlorophyllins the central metals, such as Cu and 
Mg, play surely an essential role in bringing about association complexes, in view 
of the facts that the metal ions such as Cu, Zu and Cd are capable of forming com- 
plexes with histidine, proteins, etc.64~66), 

Whatever residues in protein molecule may be occupied by porphyrin-metals, an 
actual state of protein molecule, as a whole, should be also taken into account, 
because of the fact that the smaller the protein-molecule becomes, the smaller is the 
capacity of its linkage-formation. At present, it becomes probable that the histidine 
residues in protein take part in the linkage between metallo-porphyrin and _pro- 
teiné4~66), although the heme-affinity of free histidine is found to be rather small as 
shown by Horiguchi43). The present writer could demonstrate the formation of 
association complex between free histidine and chlorophyllin by spectrochemical 
means. On the other hand, histidine is proved to be an essential component of 
trypsins), so it is highly probable that the linkage of chlorophyllin with trypsin 
resides in the imidazole ring of histidine in enzyme molecule. The pKa’ values of 
chlorophyllins were found as 3.7 and about 8.0. Among them, the former apparently 
depend on the dissociation of carboxyl group, and the latter on that of the metal. 
Wyman2* stated in his study on horse oxyhemoglobin that the imidazole group in 
histidine residue is active within the range of pH 55 to 65. On the other hand, 
Kajita e¢ al3) have demonstrated that heme combines with histidine easily in their 
dissociated state. Therefore, it is surmised that the imidazole ring in trypsin and 
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the metal in chlorophyllin molecule are readily brought into contact to form co- 
ordination compound. If this 1s true, reasonable explanation may be possible for the 
fact that the optimum pH for the inhibitory action of chlorophyllin lies at about pH 
8, as stated above. 

According to Ram ef al.4) the pancreas inhibitor for trypsin combines with 
tryptophane or tyrosine residue in trypsin, however, ovomucoid and soybean inhibitors 
for trypsin combine with some other residues in the enzyme. As regards the com- 
bination between chlorophyllin and trypsin, tryptophane or tyrosine residue seems, 
however, to be excluded, because chlorophyllin does not combine with tryptophane or 
tyrosine residue of casein, as mentioned above. 

The inhibition followed by the complex formation should be regarded as an 
usual type of competition from the fact that the Dixon’s relation holds good between 
reciplocal velocity and concentration of inhibitor and the resultant three lines intersect 
at a point not on the base line. But, the inhibitory action of chlorophyllin is probably 
different from that of protein inhibitors in a manner just pointed out by Green‘®). 
As already provided, the curves obtained by Lineweaver-Burk’s method do not run 
in linear fashion at higher concentrations of the substrate. This indicates the chok- 
ing of active sites by means of substrate molecules. 

The release of anti-tryptic action of chlorophyllin is brought about by ammonium 
sulfate, calcium chloride and hydrochloric acid. In spite of the similarity in their 
final effect, these substances may be different from each other in their mode of 
action, since chlorophyllin forms an insoluble precipitate with ammonium sulfate or 
hydrochloric acid but not with calcium chloride. 

From the estimation of proteolytic activity affected by some known- and unknown- 
inhibitors in the presence of chlorophyllin, it is revealed that in the presence of 
inhibitors, the release of inhibition by chlorophyllin takes place irrespective of pre- 
incubation of the reaction system. In an inhibitor such as oleate, effect is only 
additive to that of chlorophyllin in the absence of pre-incubation, but, otherwise, the 
effect of the pigment results only in decrement. Such different modes of interation 
may be ascribed in part to the presence of a number of active sites in trypsin 
molecule, as recently demonstrated in the case of pepsin»). Each of these active 
sites in trypsin shares its proteolytic activity, and the inhibitor molecules occupy 
some of these active sites in the enzyme molecules, resulting in the formation of 
various inhibition types. Similar view has been opened by Nagahisaé?) in his studies 
on the effect of ultraviolet irradiation on tryptic activity. 

Now, chlorophyllin shows an anti-autolytic action to trypsin molecule especially 
at an early stage of incubation, but this effect considerably decreases on prolonged 
incubation. This may be explained as follows: At first, chlorophyllin combines with 
chlorophyllin-affinic groups of trypsin, and masks their active centres, which are, 
however, gradually unmasked in later stages of incubation, probably on account of 


advanced loosening or unfolding of trypsin molecule. Thus, trypsin regains its 
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capacity of autolysis. In this connection, it is also recognized that the autolysis is 
pH-dependent, namely, in the presence of chlorophyllin, the lower the pH-level 
becomes, the more the autolysis goes on. The relation is just reverse in the absence 
of the pigment. 

As regards the probable role of chlorophyllin on UV-denaturation of trypsin, the 
following three possibilities might be taken into consideration : (1) protection from 
UV-damage as a light-filter, (2) photo-sensitization for denaturation of enzyme 
protein and (3) stabilization of enzyme protein. However, the first point is less 
probable because of the fact that a considerable difference in light absorption exists 
between enzyme and chlorophyllin in a spectral region of shorter wave lengths, and, 
moreover, the quantum yield in UV-denaturation of enzyme is very small®). Second, 
the “apparent” photo-sensitization for denaturation of enzyme protein as observed 
in Fig. 11 seems to be due primarily to an acceleration of reversible complex forma- 
tion between chlorophyllin and trypsin. Accordingly, the third point appears to be 
most reasonable, because the denaturation curves obtained from chlorophyllin-contain- 
ing reaction systems (J2 in Fig. 11) run below in comparison with those from 


pigment-free systems (J1 in Fig. 11). 


Summary 


1. Copper-, iron- and magnesium-derivatives of chlorophyllin were investigatea 
in relation to their effects on crystalline trypsin, and it was ascertained that these 
derivatives inhibited the proteolytic activity of trypsin. 

2. The inhibition of chlorophyllins toward trypsin was greater than that of the 
corresponding component-metals alone, so that the inhibitory action of chlorophyllin 
had to be ascribed to the effect of chlorophyllin itself. 

3. Pre-incubation constituted a key point in the study of inhibitory action of 
chlorophyllin toward trypsin, and the pre-incubation-activity curve indicated the reac- 
tion of the first order, from which one possible mechanism of inhibitory action of 
chlorophyllin was deduced. 

4. By spectrochemical studies on chlorophyllin-trypsin mixtures, the formation 
of complex compound was demonstrated. 

5. Trypsin was affected by chlorophyllin to form inert complex compound, which 
could be reactivated by treatment with acid or ammonium sulfate. 

6. The combination between chlorophyllin and trypsin took place at the sites: 
iron atom in chlorophyllin on one hand, and imidazole ring of histidine residue in 
trypsin on the other. 

7 The mode of action of chlorophyllin toward trypsin was of usual type of 


competition. 
8. The inhibitory action of chlorophyllin was nullified by some accelerators for 


trypsin such as CaCl, and (NH4)2 SO4. | 
9, The anti-trypitic activity of chlorophyllin was weakened by some. trypsin- 
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inhibitors under certain experimental conditions. In some cases, the effect of chloro- 
phyllin was shown to be additive in the concomittance of other inhibitors. 
10. Chlorophyllin was rather protective against the autolysis of enzyme protein. 
11. It seemed very probable that chlorophyllin played a role as a stabilizer for 


trypsin molecule in UV-irradiation. 
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EA DRMARIOMT470n 7+ UYORBICMT SHREK, DF Pic Wasielewski F, ek 
O Zirm SOBER Sonora, MAORMRI-MLTWEV, COT LUAVSNALYERRO 5D 
&, MUESNCORWBRBASAVRCLICLSA¢LRbNS, RHMAMb IF Yy, BLU 3 MOMMA 
PAP, IYRAY, BEAYORYAVYVICLSDBICMTS7 0A 71 VY OR EBRLOSRNI. FO 
gel: @ Cu-, Fe- BLU Mg-7aaz, VYWOFHNE LIA YY OVE o7t, @ The 
OPERA MET SSB OPEAICHLIZSRICAKEWTL, @ Faur,VvYEbRYVFvve®D pre 
incubation Ai7COaAWMHCSAY, MAORI me HiCkLocTE © DMCCHHBC LOZ aa 
4VVERYVS YY DEAKAEMENSTL, © PPAZBAKOVMILMADRBERETS, Cars 
>, Bry ey MMicLoOMmBsnS7r, © can L7HA7, VY ORAM EMROA OT — 
MMIC CHARMAN SZTE @ 7an7, VY OVER HCHSTL, © ZHAI, VY OVEN 
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Bei vielen Pflanzen verhalten sich die Jugendformen im physiologischen Geschehen 
oft ganz anders als die Folgeformen. Dies trifft auch fiir Photoperiodismus Zu, indem die 
Keimlinge vieler photoperiodisch hervorragend empfindlichen Pflanzen, im Gegensatz 
zur Folgeform, durch die Abanderung der Tageslinge nicht zur Bildung der Bli- 
tenanlagen veranlasst werden kénnen. Schon 1918 hat Klebs darauf hingewiesen, 
dass jede Pflanze eine bestimmte Periode der vegetativen Entwicklung verlaufen muss, 
bevor sie den “bliihreifen”* Zustand erreicht®. Soweit bisher bekannt wurde, ist 
Pharbitis Nil in dieser Hinsicht die einzige Ausnahme unter Kurztagpflanzen2). In 
der vorliegenden Arbeit werden einige Beobachtungen mitgeteilt tber das photo- 
periodische Verhalten der Keimlinge dieser Pflanze. 


I. Material und Methode 


Als Versuchspflanzen dienten Pharbitis Nil Chois., Rasse “ Violett” und “ Tendan”, 


deren photoperiodisches Verhalten bei den Folgeformen  eingehend 
wurde?), 4,9). 


untersucht 


Vor dem Ausséen wurden die Samen 30-45 Minuten lang mit konzentrierter 
Schwefelsdure behandelt und griindlich gewassert, um die Keimung zu beschleunigen 
und gleichmadssig zu machen. Fiinfzig bis 120 Samen wurden in 4 oder 5 Reihen in 
hédlzernen Kisten von etwa 35cm. Lange, 20cm. Breite und 15cm. Tiefe gesdt. Die 


Mehrzahl keimte gleichzeitig und gleichmassig aus; nur solche Keimlinge wurden 


zu Versuchen herangezogen. Die allzu frith oder allzu spat auskeimenden Individuen 


wurden beseitigt. Die Versuche wurden in heizbaren Gewéachshdusern teils bei 


schwankender, teils bei konstanter Temperatur ausgefiihrt. Die Pflanzen wurden 


unter kontinuierlicher Beleuchtung gezogen, indem sie in der Nacht mit Gliihlampen 
von 60 Watt belichtet waren. Die Lichtintensitat an der Oberflaéche der Kotyledonen 
war etwa 200 Lux. 

Die Verdunkelung der Pflanzen wurde derart ausgefiihrt, dass man die Kultur- 
kisten oder einzelne Pflanzenreihen in diesen mit hélzernen oder metallischen Kisten 
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von geeigneter Grésse bedeckt hielt. Auf besondere Durchliiftung wurde dabei nicht 
geachtet. 

Der Versuch wurde im sehr friihen Keimungsstadium ausgeftihrt, da es sich in 
der vorliegenden Arbeit um die Induktion der Kotyledonen handelt. Die Kotyledonen, 
nicht die sich entwickelnde Plumula, kommen dabei als das Organ fur Reizaufnahme 
in Betracht. Um dessen sicher zu sein, wurden in einigen Versuchen die von Kotyledonen 
befreiten Pflanzen als Kontrolle benutzt, aber die keimblattlosen Keimachsen wuchsen 
schlecht und gingen oft, besonders im Winter, durch Pilzbefall zugrunde. 

Nach der experimentellen Behandlung wurden die Pflanzen unter kontinuierlicher 
Beleuchtung gezogen und nach etwa 2 Wochen unter Binokularmikroskop untersucht. 
Die Zahl und die Lage der gebildeten Blitenanlagen an der Hauptachse oder an den 
durch Beseitigung der Hauptachse zur Entwicklung veranlassten kotyledonaren Ach- 
selknospen wurden beobachtet. Bei starker Induktion waren alle Vegetationspunkte zu 
Blutenanlagen umgewandelt womit die weitere vegetative Entwicklung abgeschlossen 
war; der Vegetationspunkt der Hauptachse wurde zur Anlegung der endstandigen 
Blutenknospe vollstandig verbraucht. Die Zahl der die Blutenanlagen tragenden Pflanzen, 
die Zahl der Blitenanlagen pro10 Pflanzen und die Zahl der Pflanzen mit Terminal- 
bliten wurden als Masstabe der Reaktion benutzt. Meistens laufen diese drei Zahlen 
ungefahr parallel zueinander. In seltenen Fallen von starker Induktion aber tritt eine 
Unregelmassigkeit ein, indem die Pflanze mit Terminalbltite eine kleinere Zah] der 


Blitenanlagen fihrt. 


Il Versuchsergebnisse 


1) Photoperiodische Empfindlichkeit der Kotyledonen in Abhnagigkeit mit dem 
Alter der Keimlinge. 

Die Folgepflanze von Pharbitis Nil kann durch einmalige, gentigend lange Ver- 
dunkelung eines einzigen Laubblatts zur Bildung der Blitenanlagen veranlasst werden®). 
Um die mit dem Alter der Keimlinge vor sich gehende Verdnderung der photo- 
periodischen Reaktion zu priifen, wurden die Keimlinge an verschiedenen Tagen von 
ihrem Erscheinen iiber dem Boden gerechnet, einer Dunkelperiode von 16 stindiger 
Dauer ausgesetzt und dann unter kontinuierlicher Beleuchtung gezogen. Die Ergeb- 
nisse eines Versuchs, der in der Mitte von November ausgefiihrt wurde, sind 
in Tabelle 1 wiedergegeben. Am ersten Tage unmittelbar nach der Auskeimung, 
wenn das Hypokotyl noch eine epinastische Knickung zeigte oder die zwei 
Kotyledonen noch nicht auseinanderklappten, reagierten die Pflanzen nicht oder 
sehr schwach gegen Kurztagbehandlung, am zweiten Tage wurden sie tiefer 
griin und zeigten eine stirkere Reaktion. Mit zunehmendem Alter wurde die 
Reaktion immer starker, bis nach 8-12 Tagen ein Maximum erreicht wurde. Mit 
zunehmendem Alter erschien die erste Bliitenanlage an aufeinander folgenden 
héheren Knoten. In einem anderen Versuch, welcher im Sommer bei konstanter 
Temperatur von 30° ausgefithrt wurde, erreichte die Reaktion schon 4 Tage nach der 
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Tabelle 1. Photoperiodische Reaktion in Abhangigkeit mit dem Alter der 
Keimlinge Ausgesit am 12. XI, Versuchsbeginn: 15. XI Eine 
Dunkelperiode von 16 Stunden. 


Se ow Alter der Keimlinge in Tagen 
| Russe Beobachtete — - — — pe 
sas Reaktion Ly 9 3 y F 8 12 Loe kontrolle 
= pimaecertent | 1/10 10/33 10/16 11/18 13/15 18/18 25/25 0/9 0/12 
| Bltithprozent | 10 30 63 61 87 100 ~=-:100 0 
Zahl d. Pflanzen | 
mit | 0 1 1 0 2 1724 0 0 
Vinlect Terminalblitte 
Zahl d. Bliiten A 9 99 Eo y, hhg 0 
| pro zehn Pflanzen 10 5.8 16.2 12.2 35.2 49.0 47.2 0 
Lage d. ersten | 5 
Toimnquonient POS ayo ale INS ahsyAalks’ PANO) 2/8) Oy Fh 0/15 
Blihprozent | @ 40 100 76 100 100. ~=—- 100 
| Zahl d. Pflanzen | 
mit 0 0 17 10 14 20 6 0 0 
endatl Terminalbltite | 
Zahl d. Bliiten ; 
pro zehn Pflanzen 0 Oi AUS) ee ili) il) Sy 0) 0 
Lage d. ersten 9 5 
Bliten ie 0 1.0 1.0 algal! 12 3.7 —— —— 


* Zahl der Pflanzen mit Bliitenanlagen/Zahl der Versuchspflanzen 

** Durchschnittliche Nummer der Knoten, an denen die erste Bliite zur Anlegung 

kommt. 

*** Kotyledonen beseitigt 
Auskeimung ein Maximum, um dann allmahlich abzunehmen. Dies mag wohl auf 
die héhere Temperatur, nahmlich auf eine schnellere Entwicklung der Keimlinge und 
somit auf eine schnellere Alterung der Kotyledonen zuriickzufiihren sein. 

Dass die Induktion durch die Kotyledonen und nicht etwa durch die sich ent- 
wickelnden Blattchen der Terminalknospe verursacht wurde, kann man sich leicht 
auf Grund der Versuchsserie der Tabelle 1 titberzeugen, wo durch Beseitigung von 
Kotyledonen vor dem Versuche nur die sich entwickelnden Plumula dem Dunkeln 
ausgesetzt war. Die Keimachsen ohne Kotyledonen bildeten niemals Bliitenanlage, 
auch wenn sie 12 Tage nach der Keimung verdunkelt wurden. 


2) Photoperiodische Reaktion in Abhangigkeit mit der Dauer der Dunkelperiode. 


Die Keimlinge wurden einer Dunkelperiode verschiedener Dauer von 8 bis 
16 Stunden mit 2-stiindigen Intervallen ausgesetzt. Wie man aus Tabelle 2 ersehen 
kann, liegt die kritische Dunkelperiode bei der Rasse “ Violett” zwischen 8 und 10 
Stunden, wahrend sie bei der Rasse “ Tendan” kiirzer als 8 Stunden ist. Der ge- 
fundene Wert der Periode scheint von dem der Folgepflanzen nicht wesentlich ab- 
zuweichen®),4, Es ist bemerkenswert, dass “Tendan” eine in Nord-China einhei- 
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Tabelle 2 Kritische Dunkelperiode der Kotyledonen. Ausgesdit am 19, XII, 
Versuch: 30. XII, Violett 


Sane Beobachtete Dauer der Dunkelperiode in Stunden 
Seas 8 10 12 14 16 
| Blihquotient 0/11 10/11 12/12 4/14 IB yAlis) 
Blihprozent | ) 9] 100 100 100 
; Zahl d. Pflanzen | 
Violett mit 0 1 5 2 1 
Terminalblite 
Blitenzahl | | an 
bro-sehn Pianeen 0 Bong 40.8 30.0 Pile ® 
Bliihquotient 9/5 8/8 9/9 10/10 Wea) 
Blihprozent | 100 100 100 100 100 
Zahl d. Pflanzen 
Tendan mit 0 6 6 8 9 
Terminalbliite 
Blitenzahl ; 
SEL RE Seay a 18.0 ai 2 ails il 46.0 47.8 
| 


mische Rasse, einer ktirzeren Dunkelperiode d. h. einer langeren Tageslange ange- 


passt ist®. 


3) Photoperiodische Reaktion in Abhangigkeit mit der Oberflachengrésse der 
Kotyledonen. 


Der Einfluss der Kotyledonengrésse wurde untersucht, indem man die Kotyledonen 
durch Abschneiden auf verschiedene Gr6ésse einschrankte. Halbe Kotyledonen erhielt 
man durch Beseitigung der apikalen Teile und ein viertel Kotyledonen durch Halbie- 
rung der basalen Halften dem Mittelnerv entlang. Die Pflanzen wurden einer oder 


Tabelle 3. Photoperiodische Reaktion in Abhdngigkeit mit Dimension der 
Kotyledonen. Ausgesdt am 22.V, Versuchsbeginn: 29.V, Violett 


16 St. Dx1 16 St. Dx2* 


Behandlung 

, y : pailine : : volling 
Zahl oder Grosse oe a, Gili ein ; P me eine ein re 
der Kotyledonen BweE VEY Walite. Viewtel foe EWel CIMes Haltte Viertel recat 
ae me he 
liche Oberflache 15.9 0.9 § 429 26 0 
der Kotyledonen Gearon, 5.0 2.6 0 3 
in cm? 
Bliihquotient 20/29 10/27 1/29 0/18 0/26 | 23/23 25/25 18/22 12/22 0/24. 
Bliihprozent 69 on 3 0 0 100 ~—-:100 82 55 0 
Blukenzanl PFO hig = Ad 0. 0 Doel 42.0. 26.2, 19.4, , 98.2 0 


zehn Pflanzen 


* Zwei durch eine 8 stiindige Lichtperiode getrennte Dunkelperioden von je 


16-stiindiger Dauer. 
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zwei Dunkelperioden von 16-stiindiger Dauer ausgesetzt. Wie aus Tatelle 3 ersichtlich 
ist, tritt die Reaktion mit abnehmender Kotyledonengrésse immer schwacher auf, bis 
ihre vollstéindige Entfernung den Verlust der photoperiodischen Reaktionsfahigkeit 


zur Folge hat. 


4) Einfluss der Beseitigung caer photoperiodisch induzierten Kotyiedonen. 


Entfernt man das photoperiodisch behandelte Laubblatt von Pharbitis oder Xanthium 
zu verschiedenen Zeitpunkten, so nimmt die Bliitenbildung mit der Verzégerung der 
Entblitterung zu%,?. Um eine ahnliche Méglichkeit an den Kotyledonen zu prifen, 
wurde Versuche ausgefiihrt. Einer von den beiden Kotyledonen wurde mit einem Sack 
aus schwarzem lichtdichtem Papier eingehiillt, wahrend der andere dem Licht ausgesetzt 
war. Nach 14 Stunden wurde der Sack entfernt und der verdunkelte Kotyledon wurde 
sofort oder nach 2, 5 bzw. 10 Stunden beseitigt. In diesem Versuche wurde nur 
einer und nicht beide Kotyledonen zum experimentellen Eingriff herangezogen, weil 
die vollstandig keimblattlos gemachten Keimachsen oft zugrunde gehen ohne zu 
wachsen. Wie aus Tabelle 4 ersehen kann, je spdater der behandelte Kotyledon ent- 
fernt wurde, desto mehr Bliitenknospen wurden angelegt. Der photoperiodische 


Tabelle 4. Einfluss der Beseitigung des induzierten Kotyledons nach 14- 
stiindiger Dunkelperiode auf Blitenbildung. Violett 


Zeit in Stunden nach dem Ende der Dunkel: 
rete tice Su Beobachtete eee zur Beseitigung des induzierten 
Aussaat handlung Reaktion 

0 2 5 10 foe) 

Bluhquotient 0/3 0/10 2/8 6/11 22 | 

Bluihprozent 0 0 Zo 59 100 
oe Sl 26. VI Zahl d. Pflanzen 0 

mit Terminalblute 0 0 0 10 

Bliitenzahl pro 

zehn Pflanzen ” v 3.8 10.0 41.4 

Bluhquotient 0/12 0/7 Zyl 7/25 13/13 

Bluhprozent — 0 0 17 28 100 
Wg Wil 19. VI Zah=d. Pflanzen 0 

mit Terminalbltte 0 0 0 3 

Blitenzahl pro’ = 

zehn Pflanzen 0 0 1.7 3.2 40.7 


Reiz, der von dem Kotyledon empfangen wird, scheint innerhalb etwa 19 Stunden zum 


Vegetationspunkt der Plumula zu gelangen, wie es auch bei der Folgeform der Fall 
ist®, 
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5) Einfluss der Beleuchtung eines Kotylecons pei Dunkeibvehandlung des anderen 
auf die Induktion. 


Bei vielen Kurztagpflanzen erfahrt die durch Verdunkelung eines Teils der Pflanze 
veranlasste Induktion durch die gleichzeitig belichteten Sprosse oder Blatter eine 
mehr oder weniger starke Hemmung). In diesem Versuche erhielt einer der beiden 
Kotyledonen eine Dunkelbehandlung, wahrend der andere dem Lichte dauernd aus- 
gesetzt blieb. Zum Vergleich standen drei Gruppen der Pflanzen zur Verfiigung. 
In der ersten Gruppe wurde ein Kotyledon beseitigt und der andere mit einem Sack 
aus schwarzem lichtdichtem Papier 16 Stunden lang bedeckt, wahrend in der zweiten 
Gruppe der dauernd im Licht gehaltene Kotyledon am Ende der Dunkelperiode beseitigt 
wurde. Bei den wtbrigen Pflanzen wurde der belichtete Kotyledon intakt gelassen. 


Tabelle 5. Photoperiodische Reaktion, hervorgebracht durch Dunkelbehand- 
lung eines Kotyledons in Abhingigkeit mit dem Vorhandensein des anderen im 
Licht betindlichen Kotyledon. Dunkelperiod: 16 Stunden. Violett 


Kotyledons 


Datum der Datum des Beobachtete beseitigt vor | beseitigt nach] 
Aussaat Versuchs Reaktion Verdunkelung |! Verdunkelung nicht 
des anderen | des anderen beseitigt 
| Kotyledons - Kotyledons ae 
Bluhquotient 19/20 12/18 15/22 
Bluhprozent 95 67 | 68 
= we Saye Zahl d. Pflanzen : 
Is. VI en ; mit Terminal- 0) 0 0) 
blate 
Bliitenzah! pro 92.0 11.7 lies 
10 Pflanzen ie | oo j 
Bluhquotient PAWS OAM 14/22 
Bluhprozent | 84 100 64 
ae OW Zahl d. Pflanzen 
22. VI 26. VI mit Terminal- if il 2 
| blute 
| | 10 Pflanzen : 
| — — = — 


Die Ergebnisse sind in Tabelle 5 zusammengestellt. Beim dauernden Belassen 
des ununterbrochen dem Lichte ausgesetzten Kotyledons tritt die Reaktion schwdcher 
auf. Die Frage, ob es sich dabei um die Bildung eines Hemmungsstoffes in dem 
belichteten Kotylendon handelt oder nicht, steht noch offen, da die sich entwickelnde 
Plumula durch beide Kotyledonen, den behandelten und den nicht behandelten, er- 
nahrt wird, wodurch der zugeleitete Reiz selbst eine Schwachung erleiden kann. 


6) Photoperiodische Reaktion in Abhdngigkeit mit dem Entwicklungszustand 
der Indikatorknospe. 


Die Achselknospen beider Kotyledonen bleiben unentwickelt, solange die Hauptachse 
ungestért wachst. Sie konnen aber durch Entfernung der Hauptachse zu Langtrieben 
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Tabelle 6. Photoperiodische Reaktion in Abhangigkeit mit dem Entwicklungs- 
zustand der kotyledonaren Achselknospen. Asugesat am 11. 1V:von 21. IV an, die 
Hauptachse um 4 Uhr nachmittays entfernt; am 24. IV, lo Stunden lang ver- 
dunkelt. Violett 

ae der Pals IY DOr Sens 24.1V DS, VE PXG, NY as INV 
Hauptachse 


| Zeitinterval zwischen 


Dekapitierung und _3s _o* _* 0 l 9 3 
| Verdunkelungsbeginn 

in Tagen 

Blihquotient 17/19 22/22 19/20 ME 0/23 0/17 0/23 


Bluihprozent 90 100 95 A] 0 0 0 


* Das Minus Zeichen bedeutet dass die Entfernung der Hauptachse der Dunkel- 
behandlung vorangegangen war. 


werden. Verdunkelt man den~*,Keimling: nach 
Beseitigung der Plumula, so tritt die Blutenanlage 
an den kotyledonaren Achselknospen auf. Die 
Reaktion hangt aber stark von dem Entwicklungs- 
zustand der Achselknospen, nadmlich von dem 
a Zeitpunkt ab, an dem die Plumula entfernt wird. 
In einem Versuche wurde die Hauptachse zu 
verschiedener Zeit vor und nach der Dunkelperiode 
entfernt. Wie aus Tabelle 6 ersichtlich ist, tritt 
umso staérkere Keaktion ein, je friiher die Kotyle- 
donarknospe durch Beseitigung der Hauptachse 
zur Entwicklung veranlasst wird (vergl. 10). 


Lasst man die Pflanzen unter Kurztagbedingungen 


auskeimen, so bilden die Kotyledonarknospen 


Fig. 1. Kotyledonarbiten von Ra: 2 
ep andene unter Kuriae. nach Entfernung der Plumula Terminalbliiten. 
Hauptachse entfernt 5 Tage In seltenen Fallen werden sie lediglich zu 
nach der Auskeimung. 


Kotyledonarbliten, ohne Laubblatter auszubilden, 


wie man aus Fig. J] ersehen kann. 


III Schlussbetrachtung 


Die Keimlinge der meisten Pflanzen sind photoperiodisch unempfindlich. Sie lassen 
sich durch Abadnderung der Tageslange nicht zur Ausbildung der Blitenanlagen 
veranlassen. Die Keimpflanzen von Sojabohne, Rasse Biloxi, bilden keine Bliiten unter 
den gunstigsten Kurztagbedingungen bis zu 4 Wochen nach Auskeimung. Das photo- 
periodische Verhalten der Keimlinge von Xanthium saccharatum wurde neuerdings 
eingehend untersucht®. Die Pflanze ist nicht fahig gegen Kurztag zu reagieren, bevor 
sie etwa 2 Wochen alt ist, wahrend die Folgepflanze durch eine einzige Dunkelperiode 
von 12 Stunden zur Bildung der Blittenanlagen gebracht werden kann. Sivori und 
Went hat aber mitgeteilt, dass der Keimling von Baeria chrysostoma, eine Langtag- 
pflanze, photoperiodisch empfindlich . ist1). 
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Im Gegensatz zu den meisten Kurztagpflanzen sind die Keimlinge von Pharbitis 
Nil photoperiodisch sehr empfindlich. Zwar kénnen die eben aus der Erde hervor- 
tretenden Keimlinge nicht reagieren, aber am zweiten Tag nach Auskeimen und 
nachher bilden sie nach einer einzigen Dunkelperiode von genugender Dauer Bli- 
tenanlagen. Bei starker Induktion werden alle Vegetationspunkte zu Blutenanlagen 
umgewandelt und weitere vegetative Entwicklung wird abgeschlossen, indem der 
Vegetationspunkt der Hauptachse zur Anlegung der endstandigen Blutenknospe voll- 
standig verbraucht wird. Die Empfindlichkeit nimmt mit dem Alter zu, bis ein 
Maximum erreicht wird, um dann wieder allmahlich abzunehmen. 

Die Frage, warum die meisten Pflanzen im Keimlingsstadium photoperiodisch 
unempfindlich sind, ist ohne weiteres schwer zu beantworten. In dieser Hinsicht ist 
die Tatsache von grosser Bedeutung, dass die Keimpflanze von Pharbitis Nil un- 
mittelbar nach dem Auskeimen gegen Kurztag nicht reagieren kann. Um zu ent- 
scheiden, ob das Ergriinen der Kotyledonen dabei irgendeine Rolle spielt, bedarf 
eingehenderer Untersuchungen. Jedenfalls mag eine gewisse Veranderung des meta- 
bolischen Systems fiir das Erreichen des “ bliithreifen” Zustands unentbehrlich sein. 

Aus den Resultaten vorliegender Arbeit stellt sich heraus, dass die Keimpflanze 
von Pharbitis Nil in ihrem photoperiodischen Verhalten von den Folgepflanzen nicht 
wesentlich abweicht. Aber die Méglichkeit kann nicht immer ausgeschlossen sein, 
dass die beiden Formen sich in Einzelheiten verschieden verhalten. 


IV Zusammenfassung 


1) Am ersten Tag nach dem Auskeimen ist der Keimling von Pharbitis Nil 
photoperiodisch unempfindlich, aber in folgenden Tagen kann er durch eine einzige 
Dunkelperiode von gentigender Dauer Zur Anlegung von Blutenknospen veranlasst 
werden. Die kritische Dunkelperiode scheint, wie bei der Folgepflanze, zwischen 8 
und 9 Stunden zu liegen. 

2) Die photoperiodische Reaktion hangt von der Oberflache der Kotyledonen ab, 
die verdunkelt wird. Wird diese durch Abschneiden vor der Dunkelperiode reduziert, 
so ist die Reaktion schwacher. | | 

3) Die Entfernung der behandelten Kotyledonen nach der Dunkelperiode hat eine 
schwache Reaktion zur Folge. Die Zahl der Bliitenanlagen nimmt immer Zu, je 
spiter der induzierte Kotyledon beseitigt wird. | 

4) Wenn ein Kotyledon wahrend der Dunkelbehandlung des anderen dem Lichte 
ausgesetzt wird, wird die Reaktion abgeschwacht. . 

5) Beseitigt man die Plumula vor der Dunkelperiode, so werden die Blutenanlagen 
an den sich entwickelnden kotyledonaren Achselknospen gebildet. Bei Beseitigung 
der Plumula nach der Dunkelbehandlung kommen aber keine oder nur wenige Bluten- 


anlagen zur Ausbildung. 
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Introduction 


Verbascose is an oligosaccharide discovered by Bourquelot and Bridel!) in 1910 in 
the root of the mullein ( Verbascum thapsus L.). It is a tri-galactoside of sucrose, i.e. 
a non-reducing pentasaccharide2). Recently French?) made a review of frequent co- 
occurrence of raffinose, stachyose, and verbascose. 

In 1954, Hérissey and his co-workers?),5) published their works on the isolation 
and structures of higher oligosaccharides of this series. They isolated from the roots 
of Verbascum thapsiforme Shrad stachyose, verbascose, ajugose, heptaose, and octaose, 
and all the experimental results obtained confirmed the structure of (O-a-p-galacto- 
pyranosyl-( 1-6) ) ,-O-a-p-glucopyranosyl-(1—2)-f-p-fructofuranoside (n=2, stachyose ; 
n=3, verbascose; etc.), resulting in the correction of the structural formula of ver- 
bascose proposed by Murakami2), in which the galactose unit was bounded to C4 of 
the glucose unit. 

Almost at the same time and quite independently of the above workers, we were 
also engaged in the study of oligosaccharides in Verbascum thapsus L. We found 
many oligosaccharides which were considered to belong to raffinose-stachyose type and 
it was successful to isolate some of them as crystalline form or amorphous powder. 
Above all, crystals of nonasaccharide was isolated. All these saccharides may be 
without doubt the same as those found in V. thapsiforme. 

Afterwards, Courtois and his co-workers®,?,®), and Archambault published a 
series of the investigations on the distribution of these oligosaccharides in many 


plants. Cacao beans!) contain also oligosaccharides of raffinose series besides those 


of other series. 
The distribution of mono- and oligosaccharides in various stages and organs of 


V. thapsus was also studied, and among the results the occurrence of free galactose, 


melibiose, and manninotriose is worthy of notice. 
Materials and Methods 


Authenlic specimens 
“Authentic stachyose was the preparation kindly supplied by Mr. Noguchi who 
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had isolated it from the roots of Lamium album L. The melibiose and manninotriose 


were partial hydrolysis products of authentic raffinose and stachyose, respectively. 


Paper chromatography 

Whatman No. 1 filter paper was used and paper chromatograms were run ina 
descending procedure and at room temperature (about 10°). As the developing 
solvents -butanol-pyridine-water (1:1:1.5, V/V) (Solvent A), n-butanol-pyridine- 
water (1 part of pyridine was added to the upper layer of the mixture of 2:1: 15; 
V/V (Solvent B) or 3:1:1.5, V/V Golvent C!), and -butanol-acetic acid-water (4:1: 
2, V/V) (Solvent D) were selected. Solvent A proved to be very suitable to the 
separation of higher oligosaccharides. When necessary, multiple ascent technique 
with one or two solvent systems was carried out with satisfactory results. Reducing 
sugars were detected by Horrocks’ benzidine reagent!2). For non-reducing, as well as 
reducing sugars, trichloroacetic acid-benzidine reagent!8) was adopted. Seliwanoff’s 
reagent!4) was applied for the location of ketose and ketose-containing oligosaccharides. 


Extract of sugars 

Plant materials, collected in the morning, were chopped into small pieces and 
extracted a few times with boiling ethanol (80%). The filtrates were combined 
altogether, concentrated under reduced pressure, and added with 10% lead acetate 
solution. The precipitate formed was collected by centrifugation and the supernatant 
was treated with hydrogen sulfide. After the filtrate was aerated for some time, it 
was concentrated to syrup under reduced pressure. The syrup was submitted to 
paper as well as column chromatography. In the case of semi-quantitative estimation 
of sugars, lead acetate treatment was avoided, lest higher oligosaccharides should 
be precipitaed by this deproteinizing agent even a bit. 


Results 


Occurrence of higher oligosaccharides 

Because of small mobilities of higher oligosaccharides on a paper chromatogram 
their satisfactory separation was achieved only when Solvent A or multiple ascent 
technique was applied. Examples of paper chromatograms are shown in Fig. 1 and these 
oligosaccharides were all non-reducing and ketose-containing. On the other hand, it 
has been observed by French and Wild! that the logarithm of the partition function 
a=Rs/1—Ry of a series of homologous oligosaccharides fall on a straight line, when 
plotted against the polymerization degree. The authors examined this law with the 
present saccharides and found it held good under various conditions as indicated in 
Bio 2: 

The sugars which corresponded to Spots 1 and 2 were isolated by large scale 
paper chromatography followed by total and partial hydrolysis. When they were heated 
in 2% hydrochloric acid on a boiling water-bath for one hour, hydrolysis was com- 
pleted and the products proved to be galactose, glucose, and fructose. On milder 
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Fig. 1. Paper chromatograms of the extracts of Verbascum thapsus L. V-R: root 
extract, V-L: leaf extract. Auth.: authentic specimens. Solvent: D—A (left), 
D—B x2 (right) 

condition, i.e. after heating in 2 % hydrochloric acid at 100° for 12 min., many 
partial hydrolysis products as well as three monosaccharides were detected. These 
partial hydrolysis products showed no reaction with Seliwanoff’s reagent. This result 

suggested that fructose molecule of these sugars was terminal and acid-labile. 
Therefore, it is very likely that all these oligosaccharides belong to raffinose- 
stachyose type, i.e. Spots 1 and 2 represent verbascose and ajugose, respectively, and 


Spots 3 and 4, higher saccharides of this family. 


Isolation of higher oligosaccharides 

For the isolation of oligosaccharides, charcoal-Celite column chromatography based 
on the method of Whistler and Durso!® was carried out. The adsorbent used was a 
mixture of 50 g. active carbon (Wako, “Shirasagi’”’), heated at 120° for one hour 
followed by washing with water and drying, and 25 g. Celite (Johns-Manville, New 
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Yok). in a 


beaker with water and packed 


It was kneaded 


into a Buchner funnel (30x 
100mm.) to make a disk of 
25 mm. thick. Prior to the addi- 
tion of the extract, the column 
was washed with water. Forty 
ml. of the syrup derived from 


400 g. of fresh root was placed 


| 
= 


log (Ry /1—R¢_ ) 


on the column under slightly 
reduced pressure. ‘To make the 
displacement of sugars effective, 
water sand) 3; 5) 10; 15) 1s; “and 
80% CV/V) ethanol were ap- 


plied in succession. The desorp- 
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tion process was followed by 
paper We 
fractions containing practically 


chromatography. 


only one saccharide were com- 


bined and concentrated under 


Fig, 2 
chain-length of Verbascum-oligosaccharides 
1: Solvent A (mean values) 
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2: Solvent D--A 


3: Solvent D+Bx3 


reduced pressure to a small 
volume. After filtration almost 

the same quantity of ethanol was added and 
frigerator. In a few days, white globular 


saccharides precipitated gradually. 


o> Se 
Fig. 3. Crystals of nonasaccharide (x 300) 


‘ta 


the whole was left standing in a re- 
crystals of stachyose, octa- and nona- 


As the heptasaccharide was not able to be 


crystallized by the procedures above, it 
was further purified paper-chromato- 
graphically with Solvent A and treated 
again as before to give white granules, 
which did not show any fine crystalline 
structure under a microscope. Also ver- 
bascose and ajugose could not be obtain- 
ed 
phous powder of heptaose melted at 
237-9° (in a sealed tube, decomp.) and 
crystals of octaose, 252° (in a sealed tube, 
decomp.). Fig. 2 shows a photomicro- 
graph of the crystals of nonaose.** 


in crystalline form. The amor- 


** The crystals of nonasaccharide thus obtained proved to be contaminated witha small 


amount of decaose by paper chromatographical 
the occurrence of oligosaccharides up to decaos 


procedure. Hérissey et al. recognized also 
e in V. thapsiforme, 
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Distribution of mono- and oligosaccharides in various parts and stages 

Sugars were semi-quantitatively estimated by their spot areas and color densities 
on paper chromatograms. Higher oligosaccharides were present exclusively in root. 
Sucrose, raffinose, stachyose, and verbascose were found in every organ, with the 
exception of fruits and seeds. On the contrary, monosaccharides occurred in leaves 
and stems much more than in root. Though melibiose was detected in almost every 
organ, manninotriose was found in stems in which much fructose was present. Me- 
libiose and manninotriose were identified by the comparison of their R¢-values and 
hydrolysis products with those of authentic specimens. The occurrence of free galac- 
tose is interesting. It was observed that there was a discontinuity of the amount 
between raffinose and higher oligosaccharides. Details of these results are indicated 
ipod Belo) Comm is 


Data of parer chromatography 

As described before, safisfactory separation of higher oligosaccharides was made 
possible using Solvent A (1 :1:1.5, V/V) which was newly preparaed by the present 
authors. Means of the R¢-values were as follows: sucrose, 0.53: raffinose, 0.45 (plante- 
ose, 0.43): stachyose, 0.37: verbascose, 0.30: ajugose, 0.26: heptaose, 0.21: octaose, 
Onis 


Discussion 


As mentioned before, many plants have been reported to contain raffinose and 
stachyose. It is very interesting, however, to find that so many and higher homolo- 
gous oligosaccharides are present in a set in the same plant and in the same organ. 
Some attention should be paid to the discontinuity of the amout of raffinose and higher 
oligosaccharides, which may suggest that the synthetic mechanism of the former 
might be different from the latter. Though the biological formation of these oligo- 
sacharides has not yet been completely clarified, it is very likely transgalactosidase 
plays a most probable role, as does transfructosidase in the case of inulin-type oligo- 
saccharides. If raffinose is formed from sucrose and some galactose donor, stacyose 
and higher saccharides might successively result by transgalactosidation between 
thus formed galactose-containing oligosaccharides. On the other hand, melibiose and 
manninotriose might be regarded as the intermediates in the utilization process of 
raffinose and stachyose, respectively. Some experimental evidence concerning such 
transgalactosidation with cell-free extract of Ajuga mnipponensis Makino has been 
obtaiend in our Jaboratory***. Consequently it must be most important to investi- 
oa the enzymatic formation of raffinose. Further study will be carried out in this 
ine. 
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Summary 


1. Verbascum thapsus L. containes a considerable amount of many oligosaccha- 
rides of raffinose-stachyose series up to decasaccharides. Among them, stachyose, 
heptaose, octaose, and nonaose were isolated from the root of this plant. 

2. Distribution of mono- and oligosacharides in various organs of the plant in 
various stages was studied. The occurrence of free galactose and manninotriose in 
the stem was confirmed. 


3. Possible relationships among these oligosaccharides were discussed. 
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Table I. Kinds of anthocyanidin separated from the coloured and the green leaves 


of the conifers and Ginkgoaceae 


Families Species 


| 
- _ 
Ginkgoaceae | Ginkgo biloba 
: Wee 


Kinds of Anthocyanidin 
separated from 


~ Coloured — 


Green Leaves 
: Leaves Leaves 


Taxaceae Taxus cuspidata 

T. cuspidata var. nana 
T. floridana 

Torreva nucifera 


Podocar pus chinensis 
P. Nagi 


Podocarpaceae 


Agathis sp. 
Araucaria Braeiliana 


Araucariaceae 


Cephalotaxus drupacea 
C. nana 


Cephalotaxaceae 


Abies firma 

A. homolepis 

Cedrus Deodara 

| Keteleeria Davidiana 
| Larix leptolepis 

| Picea excelsa 

P. Kovamai 

| Pinus amamiana 

P. densiflora 

P. pentaphylla 

P. rigida 

P. Thunber git 
Pseudolarix Kaempferi 
Pseudotsuga japonica 
Tsuga Sieboldii 


Pinaceae 


iS) 
“ 


Cc, 


¢; D 


sisieisi@y We) isles) 


ax 
@ 


Cryptomeria japonica 
C. japonica f. alboepicata 
Cunninghamia Contshii 


Taxodiaceae 


C. lanceolata 

Glyptostrobus sp. 
Metasequoia glyptostroboides 
Sciadopitys verticillata 
Sequoia sempervirens 
Sequoiadendron giganteum 
Taiwania cryptomerioides 
Taxodium distichum 


Cupressaceae 


Biota orientalis 
Chamaecyparis formosana 
C. obtusa 

C. obtusa var. breviramea 
C. pisifera 

C. pisifera var. squarrosa 
Juniperus chinensis 

J. rigida 

Thuja occidentalis 
Thujopsis dolabrate 


O 


an 


VES 


oO 
4 


Cryptomeria/Metasequoia 
Sequoia /Metasequoia : 
Sequoiadendron/Metasequoia 


GONG OSes 
Shs) 
n 


_ 
Y 


wos 


Se) 
Oo 


@ 
Gy Ole QGe 


is, 
a 


Ce 
Gx Ds 


C: Cyanidin, D: Delphinidin, s: strong, w: weak, —-:no Anthocyanidin x : no Coloured 


Leaves, ( ): trace, [ ]: separated from 1% methanolic HCI extract. Cryptomeria/Metase- 


quoia: Cryptomeria is the scion, and Metasequoia the stock. 
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: Es 
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KEBBOLODA4 aPFLD, aPyv ie, 4 UCB TSE Oe ae eS 
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XRV AT OMOMVRH DSRS SEG VY, TY PYI ALY ORM SSL, ED 
DICT HBA 14 2N Hee Logx a7 bam eee PRC RE ICO VC Fa 7c i LI, 15), 16) 2 
— NHRC EH ENA LT y bY T= Dy RE FREY SPS 2 Dye ee 
HELE T Y hYT = Dy OMPRICILBAMMAIL Mi Rae te 
ItLAL DBDs icA, MBE Lee SHE A#, CAAVAATICEVEVMRICSSLA 
PoLVOABICT Y bY T = LYDAGHLTS lad 
(on 
HD IC ARSEIC do 7e YEAR GB) 75 HFS HE 7 
% # OC DBD ES Ze PEPE VPS KITE EAB PRB 
LEO RD DABS LIC, SRO ciae ane ee MCT 
MI Y Favy, FI, avy BSE, DEEBRIT, MOAR MAT < ER 5 IE 
ZN OSILDSAPCIMGMIZ, & SMECIIEEL, Ris OTERO MBSR, S 5 RRA IC 
(I GILAK-O FT y bY Ta Vy RAL (So CHM A HUBS © FX <1 S oT BAS 
So LALEOTY bY T = Vy ISKLEHOK PHT PA OES AE PS REIR, ABT LARA TIT AT 
_ fPocin<, @EIcCbo etary py VOR O at R, FBRIK SRO Zh 3 PG 
= Y AALIEIC 4 BEL, CAP OAL T&T AXE AI TO FETE nes SSGEOIPN, HUET 
TY RYT = TY eEBULOLERGNS, ¥ WEIIA< SAL LENT S, 
IY Fr Rey OFFER OMMEMOM MILE LLC 
x ak 
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3) She, WS RsL: 677 (1924). 4) Bate- Smith, E.C. and Lerner, N.H., Biochem. J. 
58; 126 (1954). 5) Alston, R.E. and Hagen, C.W., Nature 175: 990 CLO55 ()) lelulibiey 
W.E., Nature 175: 597 (1955). 7) Hillis, W.E. and Swain, T., Nature 179: 586 (ISSEY 
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K., Bot. Mag. Tokyo 69: 577 (1956). 10) Asen, S., Plant Physiol. 33: 14 (1958). 11) Brad- 
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Summary 


Anthocyanidins in the coloured leaves and leuco-anthocyanidins in the green 
leaves of the conifers were investigated by means of paper chromatography and 
spectrophotometry. 

The results can be summarized as follows : 

1. The red colours of the conifers’ autumnal leaves seem to be mostly due to 
anthocyanins. 

2. The anthocyanidin present in the coloured leaves is identified with cyanidin 
or delphinidin; some species contain both cyanidin and delphinidin, some, cyanidin, 
but none contains delphinidin. These anthocyanidins may not be produced solely 
from the anthocyanins but from the leuco-anthocyanins co-occurring in the autumnal 
leaves. 

3. The leuco-anthocyanin present in conifers’ green leaves is converted into 
cyanidin or delphinidin by heating with 2N-HCIl. 

4. Anthocyanidins formed from leuco-anthocyanins in the green leaves are 
generally the same as found in the coloured leaves of the same species. 

5. The kind of anthocyanidin and leuco-anthocyanidin found in the coloured and 
the green leaves is characteristic of systematic position of the plants; there are 
more species which contain leuco-delphinidin than those which produce both delphi- 
nidin and cyanidin among Pinaceae, while species which form both delphinidin and 
cyanidin are more common than those giving cyanidin alone among Taxodiaceae 
and Cupressaceae. 

6. Leaves of major species of Pinaceae give delphinidin alone when heated with 
HCl and do not change their colour in autumn or in winter. 

7. The systematic distribution of anthocyanidin and leuco-anthocyanidin in the 
coloured and the green leaves suggested that Metasequoia is closely related to Se- 
quoia and Sequoiadendron among T axodiaceae. 
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Short Communication 
Increase in Percentage of Gibberellin-induced Dark Germination 
of Tobacco Seeds by N-compounds. 


by Tohru HASHIMOTO* 


BA UNV vYIC Lo CHOSARASMSF OMG ICH LIST BRILA 
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Received November 11, 1958 


It was reported by Ogawara and Ono that gibberellin induced the germination 
of tobacco seeds without exposure to light2. We have found that this effect of gib- 
berellin is largely intensified by N-compounds. 

Seeds of Nicotiana Tabacum L., “ Bright Yellow”, obtained at Tateyama (Chiba) 
were studied. These ordinarily require light exposure for germination. Effects of 
potassium nitrate and ammonium nitrate on the germination of the seeds were 
observed in the presence or absence of gibberellin. Tested concentrations of gib- 
berellin (gibberellic acid and gibberellin A mixture) and N-compounds are 30 p.p.m. 
and 0.02 M, respectively. Two layers of filter paper were placed in each petri dish and 
soaked with the solutions mentioned in Table 1. About 150 seeds were sown in each of 
these petri dishes, were kept at 25° in total darkness for seven days to allow seeds 
to germinate, and percentages of germination were determined. 


Table 1. Percentage of germination of tobacco seeds. 


Solution water Gib. KNO; Gib.+KNO; NH,NO; Gib.+NH,NO, 
Kone al 0 8.5 One Oo 4.5 53 
lie 2 ) ies 1.6 56 7.6 43 


As shown in Table 1, gibberellin induces the germination of tobacco seeds without 
light exposure, and this effect of gibberellin is intensified to a large extent by the 
addition of potassium nitrate and ammonium nitrate. 

Ogawara and Ono reported previously that the effect of light on tobacco seed 
germination was larger in the presence than in the absence of N-compounds including 
potassium nitrate and ammonium nitrate). According to the present study these 
N-compounds increase the rate of gibberellin-induced seed germination, too. This 
suggests that N-compounds accelerate the physiological steps which can be influenced 


* Biological Institute, College of General Education, University of Tokyo, Meguro, Tokyo 
Japan. AURA FE BaEe BE yy Ass . 
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Table 2. Percentage of germination of tobacco seeds. 


ReGomuo cad ees Conen Ore) 
concn. (Mol) 


Oe Ors) 0) =k hy = 30 

0 Ly 356 2.8 10.1 9.9 dove 

KNO, G04 | ie “25° “S30 5.4 -2000' 66.5 
0.08 | 41 49 4.9 7.8 30.9 68.8 

| 0 BOs e a0 irs ot Sekt 
NEO; | (OLR S07. 5.7 aS a7 Fons 
AG 36.3" 38.32 7006 77.9) 78.7 


0. 08 


by light or gibberellin. 

Table 2, obtained by another series of experiments, reveals that by treating tobacco 
seeds with gibberellin in the presence of N-compounds, the effect of even very small 
amounts of gibberellin can be detected. 
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A Modified Potometer for a Dual Purpose* 


by Arcot VISWANATHAN*™ 
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So. bev, CU ARAEAL EAA CE 
FIDBAGIE EL OPRSE MAT SM 2 BLT, FR 
HD AER& & YO PURINIC INT HBR BALE, 

Ses ace i inella  tg 
Cm. Ba 2Z0CM. ITA, EECHUOW 
RS EDOM PS EDICH MAHA So. oH 
& 2.5cem. OS ARICA, CH 3~4mm.) 4 
ENCEYVICBEL, FLOKEW > 
CPS. TAMOAMOFLIZ, = 


< Oped, 
VEE S 9% 
y JIZOAREO EMEA (AH 15mm; R&S 
22cm.) #, Mn2S 6cm.OL 2A CiAMIC HT 
CA&LCA, AMOFITILESM cm. OHF% 
S BicsmPvstaRBeoyc A Ld 2cm, B< 
(BGs rane 
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TEAL OTT D> HES PEAS GUY CE Bub NT. CAUIT BY 
LAK, SIA, fell, Hak OF Ke d6 taxon 
® 32 4: WE, type method (cCoixC OUPH, 32 
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SbEOCHA TE. MARIN 7S EIS, BATA 2 D> 
BAAN 8 OIDs This) Soicas, REY 
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MALE ARMITLZbOD, SRAIMPE Bib 
Sb Auica 

DV CAAT EG a) ee ae 
O3HD% Ol T, Buller MRAMICMCA 
23, WIMGHE OR A tC ls EAA cee COA 
RIGHMDUEUL ZT EITOUT, KOMA ® We 
SABMBAF OMCs SHIA. BWiIK 
i, Wath pNe LD, ANKROSNITCL > 
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